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Sir: 

1, Audrey D. Goddard, Ph.D. do hereby declare and say as follows: 

1 . I am a Senior Clinical Scientist at the Experimental Medicine/BioOncology, Medical 
Affairs Department of Genentech, Inc., South San Francisco, California 94080. 

2. Between 1993 and 2001 , 1 headed the DNA Sequencing Laboratory at the Molecular 
Biology Department of Genentech, Inc. During this time, my responsibilities included the 
identification and characterization of genes contributing to the oncogenic process, and determination 
of the chromosomal localization of novel genes. 

3 . My scientific Curriculum Vitae, including my list of publications, is attached to and 
forms part of this Declaration (Exhibit A). 
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4. I am familiar with a variety of techniques known in the art for detecting and 
quantifying the amplification of oncogenes in cancer, including the quantitative TaqMan PCR (i.e., 
"gene amplification") assay described in the above captioned patent application. 

5. The TaqMan PCR assay is described, for example, in the following scientific 
publications: Higuchi et al. 7 Biotechnology 10:413-417 (1992) (Exhibit B); Livak et al. 9 PCR 
Methods AppL 4:357-362 (1995) (Exhibit C) and Heid et aL, Genome Res. 6:986-994 (1996) . 
(Exhibit D). Briefly, the assay is based on the principle that successful PCR yields a fluorescent 
signal due to Taq DNA polymerase-mediated exonuclease digestion of a fluorescently labeled 
oligonucleotide that is homologous to a sequence between two PCR primers. The extent of 
digestion depends directly on the amount of PCR, and can be quantified accurately by measuring the 
increment in fluorescence that results from decreased energy transfer. This is an extremely sensitive 
technique, which allows detection in the exponential phase of the PCR reaction and, as a result, 
leads to accurate determination of gene copy number. 

6. The quantitative fluorescent TaqMan PCR assay has been extensively and 
successfully used to characterize genes involved in cancer development and progression. 
Amplification of protooncogenes has been studied in a variety of human tumors, and is widely 
considered as having etiological, diagnostic and prognostic significance. This use of the quantitative 
TaqMan PCR assay is exemplified by the following scientific publications: Pennica et al., Proc. 
Natl. Acad. Sci. USA 95(25):14717-14722 (1998) (Exhibit E); Pitti et aL: Nature 
396(6712);699-703 (1998) (Exhibit F) and Bieche et aL, Int. J. Cancer 78:661-666 (1998) (Exhibit 
G), the first two of which I am co-author. In particular, Pennica et aL have used the quantitative 
TaqMan PCR assay to study relative gene amplification of WISP and c-myc in various cell lines, 
colorectal tumors and normal mucosa. Pitti et aL studied the genomic amplification of a decoy 
receptor for Fas ligand in lung and colon cancer, using the quantitative TaqMan PCR assay. Bieche 
et aL used the assay to study gene amplification in breast cancer. 
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7. It is my personal experience that the quantitative TaqMan PCR technique is 
technically sensitive enough to detect at least a 2-fold increase in gene copy number relative to 
control. It is further my considered scientific opinion that an at least 2-fold increase in gene copy 
number in a tumor tissue sample relative to a normal (i:e., non-tumor) sample is significant and 
useful in that the detected increase in gene copy number in the tumor sample relative to the normal 
sample serves as a basis for using relative gene copy number as quantitated by the TaqMan PCR 
technique as a diagnostic marker for the presence or absence of tumor in a tissue sample of unknown 
pathology. Accordingly, a gene identified as being amplified at least 2-fold by the quantitative 
TaqMan PCR assay in a tumor sample relative to a normal sample is useful as a marker for the 
diagnosis of cancer, for monitoring cancer development and/or for measuring the efficacy of cancer 
therapy. 

8. I declare further that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true. I declare that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code, and that such willful false statements may jeopardize the validity of the application or any 
patent issuing thereon. 
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PROFESSIONAL EXPERIENCE 

Genentech, Inc. 1993-present 
South San Francisco, CA 

2001 - present Senior Clinical Scientist 

Experimental Medicine / BioOncology, Medical Affairs 

Responsibilities: 

• Companion diagnostic oncology products 

• Acquisition of clinical samples from Genentech's clinical trials for translational research 

• Translational research using clinical specimen and data for drug development and 
diagnostics 

• Member of Development Science Review Committee, Diagnostic Oversight Team, 21 CFR 
Part 11 Subteam 

Interests: 

• Ethical and legal implications of experiments with clinical specimens and data 

• Application of pharmacogenomics in clinical trials 



1998 - 2001 Senior Scientist 

Head of the DNA Sequencing Laboratory, Molecular Biology Department, Research 
Responsibilities: 

• Management of a laboratory of up to nineteen -including postdoctoral fellow, associate 
scientist, senior research associate and research assistants/associate levels 

• Management of a $750K budget 

• DNA sequencing core facility supporting a 350+ person research facility. 

• DNA sequencing for high throughput gene discovery, - ESTs, cDNAs, and constructs 

• Genomic sequence analysis and gene identification 

• DNA sequence and primary protein analysis 

Research: 

• Chromosomal localization of novel genes 

• Identification and characterization of genes contributing to the oncogenic process 

• Identification and characterization of genes contributing to inflammatory diseases 

• Design and development of schemes for high throughput genomic DNA sequence analysis 

• Candidate gene prediction and evaluation 
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1993 - 1998 



Scientist 



Head of the DNA Sequencing Laboratory, Molecular Biology Department, Research 
Responsibilities 

• DNA sequencing core facility supporting a 350+ person research facility 

• Assumed responsibility for a pre-existing team of five technicians and expanded the group 
into fifteen, introducing a level of middle management and additional areas of research 

• Participated in the development of the basic plan for high throughput secreted protein 
discovery program - sequencing strategies, data analysis and tracking, database design 

• High throughput EST and cDNA sequencing for new gene identification. 

• Design and implementation of analysis tools required for high throughput gene identification. 

• Chromosomal localization of genes encoding novel secreted proteins. 

Research: 

• Genomic sequence scanning for new gene discovery. 

• Development of signal peptide selection methods. 

• Evaluation of candidate disease genes. 

• Growth hormone receptor gene SNPs in children with Idiopathic short stature 

Imperial Cancer Research Fund 1989-1992 
Londoh, UK with Dr. Ellen Solomon 

6/89 -12/92 Postdoctoral Fellow 

• Cloning and characterization of the genes fused at the acute promyelocytic leukemia 
translocation breakpoints on chromosomes 17 and 15. 

• Prepared a successfully funded European Union multi-center grant application 

McMaster University 1983 
Hamilton, Ontario, Canada with Dr. G. D. Sweeney 

5/83 - 8/83: NSERC Summer Student 

• In vitro metabolism of p-naphthoflavone in C57BI/6J and DBA mice 



EDUCATION 



Ph.D. 



University of Toronto 
Toronto, Ontario, Canada. 
Department of Medical 
Biophysics. 



"Phenotypic and genotypic effects of mutations in 
the human retinoblastoma gene." 
Supervisor: Dr. R. A. Phillips 



1989 



Honours B.Sc 

"The in vitro metabolism of the cytochrome P-448 
inducer p-naphthoflavone in C57BL/6J mice." 
Supervisor: Dr. G. D. Sweeney 



McMaster University, 
Hamilton, Ontario, Canada. 
Department of Biochemistry 



1983 
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ACADEMIC AWARDS 



Imperial Cancer Research Fund Postdoctoral Fellowship 

Medical Research Council Studentship 

NSERC Undergraduate Summer Research Award 

Society of Chemical Industry Merit Award (Hons. Biochem.) 

Dr. Harry Lyman Hooker Scholarship 

J.L.W. Gill Scholarship 

Business and Professional Women's Club Scholarship 
Wyerhauser Foundation Scholarship 



1989 
1983 
1983 
1983 
1981 
1981 
1980 
1979 



1992 
1988 



1983 
1982 
1981 
1980 



INVITED PRESENTATIONS 

Genentech's gene discovery pipeline: High throughput identification, cloning and 
characterization of novel genes. Functional Genomics: From Genome to Function, Litchfield 
Park, AZ. USA. October 2000 

High throughput identification, cloning and characterization of novel genes. G2K:Back to 
Science, Advances in Genome Biology and Technology I. Marco Island, FL, USA. February 
2000 

Quality control in DNA Sequencing: The use of Phred and Phrap. Bay Area Sequencing 
Users Meeting, Berkeley, CA, USA. April 1999 

High throughput secreted protein identification and cloning. Tenth International Genome 
Sequencing and Analysis Conference, Miami, FL, USA. September 1998 

The evolution of DNA sequencing: The Genentech perspective. Bay Area Sequencing Users 
Meeting, Berkeley, CA, USA. May 1998 

Partial Growth Hormone Insensitivity: The role of GH-receptor mutations in Idiopathic Short 
Stature. Tenth Annual National Cooperative Growth Study Investigators Meeting, San 
Francisco, CA, USA. October, 1996 

Growth hormone (GH) receptor defects are present in selected children with non-GH-deficient 
short stature: A molecular basis for partial GH-insensitivity. 76 th Annual Meeting of The 
Endocrine Society, Anaheim, CA, USA. June 1994 

A previously uncharacterized gene, myl, is fused to the retinpic acid receptor alpha gene in 
acute promyelocytic leukemia. XV International Association for Comparative Research on 
Leukemia and Related Disease, Padua, Italy. October 1991 
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PATENTS 

Goddard A, Godowski PJ. Gurney AL. NL2 Tie ligand homologue polypeptide. Patent 
Number: 6,455,496. Date of Patent: Sept. 24, 2002. 

Goddard A, Godowski PJ and Gurney AL. NL3 Tie ligand homologue nucleic acids. Patent 
Number: 6,426,218. Date of Patent: July 30, 2002. 

Godowski P, Gurney A, Hillan KJ, Botstein D, Goddard A, Roy M, Ferrara N, Tumas D, 
Schwall R. NL4 Tie ligand homologue nucleic acid. Patent Number: 6,4137,770. Date of 
Patent: July 2, 2002. 

Ashkenazi A, Fong S, Goddard A, Gurney AL\ Napier MA, Tumas D, Wood Wl. Nucleic acid 
encoding A-33 related antigen poly peptides. Patent Number: 6,410,708. Date of Patent:: 
Jun. 25, 2002. 

Botstein DA, Cohen RL, Goddard AD, Gurney AL, Hillan KJ, Lawrence DA, Levine AJ, 
Pennica D, Roy MA and Wood Wl. WISP polypeptides and nucleic acids encoding same. 
Patent Number: 6,387,657. Date of Patent: May 14, 2002. 

Goddard A, Godowski PJ and Gurney AL. Tie ligands. Patent Number: 6,372,491. Date of 
Patent: April 16, 2002. 

Godowski PJ, Gurney AL, Goddard A and Hillan K. TIE ligand homologue antibody. Patent 
Number: 6,350,450. Date of Patent: Feb. 26, 2002. 

Fong S, Ferrara N, Goddard A, Godowski PJ, Gurney AL, Hillan K and Williams PM. Tie 
receptor tyrosine kinase ligand homologues. Patent Number: 6,348,351. Date of Patent: 
Feb. 19,2002. 

Goddard A, Godowski PJ and Gurney AL. Ligand homologues. Patent Number: 6,348,350. 
Date of Patent: Feb. 19, 2002. 

Attie KM, Carlsson LMS, Gesundheit N and Goddard A. Treatment of partial growth 
hormone insensitivity syndrome. Patent Number: 6,207,640. Date of Patent: March 27, 
2001. 

Fong S, Ferrara N, Goddard A, Godowski PJ, Gurney AL, Hillan K and Williams PM. Nucleic 
acids encoding NL-3. Patent Number: 6,074,873. Date of Patent: June 13, 2000 

Attie K, Carlsson LMS, Gesunheit N and Goddard A. Treatment of partial growth hormone 
insensitivity syndrome. Patent Number: 5,824,642. Date of Patent: October 20, 1998 

Attie K, Carlsson LMS, Gesunheit N and Goddard A. Treatment of partial growth hormone 
insensitivity syndrome. Patent Number: 5,646,1 13. Date of Patent: July 8, 1997 

Multiple additional provisional applications filed 
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PUBLICATIONS 

Seshasayee D, Dowd P, Gu Q, Erickson S, Goddard AD Comparative sequence analysis of 
the HER2 locus in mouse and man. Manuscript in preparation. 

Abuzzahab MJ, Goddard A, Grigorescu F, Lautier C, Smith RJ and Chernausek SD. Human 
IGF-1 receptor mutations resulting in pre- and post-natal growth retardation. Manuscript in 
preparation. 

Aggarwal S, Xie, M-H, Foster J, Frantz G, Stinson J, Corpuz RT, Simmons L t Hillan K, 
Yansura DG, Vandlen RL, Goddard AD and Gurney AL. FHFR, a novel receptor for the 
fibroblast growth factors. Manuscript submitted. 

Adams SH, Chui C, Schilbach SL, Yu XX, Goddard AD, Grimaldi JC, Lee J, Dowd P, Colman 
S., Lewin DA. (2001) BFIT, a unique acyl-CoA thioesterase induced in thermogenic brown 
adipose tissue: Cloning, organization of the human gene, and assessment of a potential link 
to obesity. Biochemical Journal 360: 135-142. 

Lee J. Ho WH. Maruoka M. Corpuz RT. Baldwin DT. Foster JS. Goddard AD. Yansura DG, 
Vandlen RL Wood Wl. Gurney AL. (2001) IL-17E, a novel proinflammatory ligand for the IL- 
17 receptor homolog IL-1 7Rh1 . Journal of Biological Chemistry 276(2): 1660-1664. 

Xie M-H, Aggarwal S, Ho W-H,' Foster J, Zhang Z, Stinson J, Wood Wl, Goddard AD and 
Gurney AL. (2000) Interleukin (IL)-22, a novel human cytokine that signals through the 
interferon-receptor related proteins CRF2-4 and IL-22R. Journal of Biological Chemistry 275: 
31335-31339. 

Weiss GA, Watanabe CK, Zhong A t Goddard A and Sidhu SS. (2000) Rapid mapping of 
protein functional epitopes by combinatorial alanine scanning. Proc. Natl. Acad. Sci. USA 97: 
8950-8954. 

Guo S, Yamaguchi Y, Schilbach S, Wada T.;Lee J, Goddard A, French D , Handa H, 
Rosenthal A. (2000) A regulator of transcriptional elongation controls vertebrate neuronal 
development. Nature 408: 366-369. 

Yan M, Wang L-C, Hymowitz SG, Schilbach S, Lee J, Goddard A, de Vos AM, Gao WQ, Dixit 
VM. (2000) Two-amino acid molecular switch in an epithelial morphogen that regulates 
binding to two distinct receptors. Science 290: 523-527. ^ 

Sehl PD, Tai JTN, Hillan KJ, Brown LA, Goddard A, Yang R, Jin H and Lowe DG. (2000) 
Application of cDNA microarrays in determining molecular phenotype in cardiac growth, 
development, and response to injury. Circulation 101: 1990-1999. 

Guo S, Brush J, Teraoka H, Goddard A, Wilson SW, Mullins MC and Rosenthal A. (1999) 
Development of noradrenergic neurons in the zebrafish hindbrain requires BMP, FGF8, and 
the homeodomain protein soulless/Phox2A. Neuron 24: 555-566. 

Stone D, Murone, M, Luoh, S, Ye W, Armanini P, Gurney A, Phillips HS, Brush, J, Goddard 
A, de Sauvage FJ and Rosenthal A. (1999) Characterization of the human suppressor of 
fused; a negative regulator of the zinc-finger transcription factor Gli. J. Cell ScL 112: 4437- 
4448. 

Xie M-H, Holcomb I, Deuel B, Dowd P, Huang A, Vagts A, Foster J, Liang J, Brush J, Gu Q, 
Hillan K, Goddard A and Gurney, A.L. (1999) FGF-19, a novel fibroblast growth factor with 
unique specificity for FGFR4. Cytokine 11: 729-735. 
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Yan M, Lee J, Schilbach S, Goddard A and Dixit V. (1999) mE10, a novel caspase 
recruitment domain-containing proapoptotic molecule. J. Biol. Chem. 274(15): 10287-10292. 

Gurney AL, Marsters SA f Huang RM, Pitti RM, Mark DT, Baldwin DT, Gray AM, Dowd P, 
Brush J, Heldens S, Schow P, Goddard AD, Wood Wl, Baker KP, Godowski PJ and 
Ashkenazi A. (1999) Identification of a new member of the tumor necrosis factor family and its 
receptor, a human ortholog of mouse GITR. Current Biology 9(4): 215-218. 

Ridgway JBB, Ng E, Kern JA ,Lee J, Brush J, Goddard A and Carter P. (1999) Identification 
of a human anti-CD55 single-chain Fv by subtractive panning of a phage library using tumor 
and nontumor cell lines. Cancer Research 59: 2718-2723. 

Pitti RM, Marsters SA, Lawrence DA, Roy M, Kischkel FC, Dowd P, Huang A, Donahue CJ, 
Sherwood SW, Baldwin DT, Godowski PJ, Wood Wl, Gurney AL, Hillan KJ, Cohen RL, 
Goddard AD, Botstein D and Ashkenazi A. (1998) Genomic amplification of a decoy receptor 
for Fas ligand in lung and colon cancer. Nature 396(6712): 699-703. 

Pennica D, Swanson TA, Welsh JW, Roy MA, Lawrence DA, Lee J, Brush J, Taneyhill LA, 
Deuel B, Lew M, Watanabe C, Cohen RL, Melhem MF, Finley GG, Quirke P, Goddard AD, 
Hillan KJ, Gurney AL, Botstein D and Levine AJ. (1998) WISP genes are members of the 
connective tissue growth factor family that are up-regulated in wnt-1 -transformed cells and 
aberrantly expressed in human colon tumors. Proc. Natl. Acad. Sci. USA. 95(25): 14717- 
14722. 

Yang RB, Mark MR, Gray A, Huang A, Xie MH, Zhang M, Goddard A, Wood Wl, Gurney AL 
and Godowski PJ. (1998) Toll-like receptor-2 mediates lipopolysaccharide-induced cellular 
signalling. Nature 395(6699): 284-288. 

Merchant AM, Zhu Z, Yuan JQ, Goddard A, Adams CW, Presta LG and Carter P. (1998) An 
efficient route to human bispecific IgG. Nature Biotechnology 16(7): 677-681. 

Marsters SA, Sheridan JP, Pitti RM, Brush J, Goddard A and Ashkenazi A. (1998) 
Identification of a ligand for the death-domain-containing receptor Apo3. Current Biology 8(9): 
525-528. 

Xie J, Murone M, Luoh SM, Ryan A, Gu Q, Zhang C, Bonifas JM, Lam CW, Hynes M, 
Goddard A, Rosenthal A, Epstein EH Jr. and de Sauvage FJ. (1998) Activating Smoothened 
mutations in sporadic basal-cell carcinoma. Nature. 391(6662): 90-92. 

Marsters SA, Sheridan JP, Pitti RM, Huang A, Skubatch M, Baldwin D, Yuan J, Gurney A, 
Goddard AD, Godowski P and Ashkenazi A. (1997) A novel receptor for Apo2L/TRAIL 
contains a truncated death domain. Current Biology. 7(12): 1003-1006. 

Hynes M, Stone DM, Dowd M, Pitts-Meek S, Goddard A, Gurney A and Rosenthal A. (1997) 
Control of cell pattern in the neural tube by the zinc finger transcription factor Gli-1. Neuron 
19:15-26. 

Sheridan JP, Marsters SA, Pitti RM, Gurney A., Skubatch M, Baldwin D, Ramakrishnan L, 
Gray CL, Baker K, Wood Wl, Goddard AD, Godowski P, and Ashkenazi A. (1997) Control of 
TRAIL-lnduced Apoptosis by a Family of Signaling and Decoy Receptors. Science 277 
(5327): 818-821. 
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Goddard AD, Dowd P. Chernausek S, Geffner M, Gertner J, Hintz R f Hopwood N, Kaplan S, 
Plotnick L, Rogol A, Rosenfield R, Saenger P, Mauras N, Hershkopf R, Angulo M and Attie, K. 
(1997) Partial growth hormone insensitivity: The role of growth hormone receptor mutations in 
idiopathic short stature. J. Pediatr. 131: S51-55. 

Klein RD, Sherman D, Ho WH, Stone D, Bennett GL, Moffat B, Vandlen R, Simmons L, Gu Q, 
Hongo JA, Devaux B, Poulsen K, Armanini M, Nozaki C, Asai N, Goddard A, Phillips H, 
Henderson CE, Takahashi M and Rosenthal A. (1997) A GPI-linked protein that interacts with 
Ret to form a candidate neurturin receptor. Nature, 387(6634): 717-21 . 

Stone DM, Hynes M, Armanini M, Swanson TA, Gu Q, Johnson RL, Scott MP, Pennica D, 
Goddard A, Phillips H, Noll M, Hooper JE, de Sauvage F and Rosenthal A. (1996) The 
tumour-suppressor gene patched encodes a candidate receptor for Sonic hedgehog. Nature 
384(6605): 129-34. 

Marsters SA, Sheridan JP, Donahue CJ, Pitti RM, Gray CL, Goddard AD, Bauer KD and 
Ashkenazi A. (1996) Apo-3, a new member of the tumor necrosis factor receptor family, 
contains a death domain and activates apoptosis and NF-kappa p. Current Biology 6(12): 
1669-76. 

Rothe M, Xiong J, Shu HB, Williamson K, Goddard A and Goeddel DV; (1996) l-TRAF is a 
novel TRAF-interacting protein that regulates TRAF-mediated signal transduction. Proc. Natl. 
Acad. Sci. USA 93: 8241-8246. 

Yang M, Luoh SM, Goddard A, Reilly D, Henzel W and Bass S. (1996) The bglX gene 
located at 47.8 min on the Escherichia coli chromosome encodes a periplasmic beta- 
glucosidase. Microbiology 142:. 1659-65. 

Goddard AD and Black DM. (1996) Familial Cancer in Molecular Endocrinology of Cancer. 
Waxman, J. Ed. Cambridge University Press, Cambridge UK, pp. 187-21 5. 

Treanor J JS, Goodman L, de Sauvage F, Stone DM, Poulson KT, Beck CD, Gray C, Armanini 
MP, Pollocks RA, Hefti F, Phillips HS, Goddard A, Moore MW, Buj-Bello A, Davis AM, Asai N, 
Takahashi M, Vandlen R, Henderson CE and Rosenthal A. (1996) Characterization of a 
receptor for GDNF. Nature 382: 80-83. 

Klein RD, Gu Q, Goddard A and Rosenthal A. (1996) Selection for genes encoding secreted 
proteins and receptors. Proc. Natl. Acad. Sci. USA 93: 7108-7113. 

Winslow JW, Moran P, Valverde J, Shih A, Yuan JQ, Wong SC, Tsai SP, Goddard A, Henzel 
WJ, Hefti F and Caras I. (1995) Cloning of AL-1, a ligand for an Eph-related tyrosine kinase 
receptor involved in axon bundle formation. Neuron 14: 973-981. 

Bennett BD, ZeiglerFC, Gu Q, Fendly B, Goddard AD, Gillett N and Matthews W. (1995) 
Molecular cloning of a ligand for the EPH-related receptor protein-tyrosine kinase Htk. Proc. 
Natl. Acad. Sci. USA 92: 1866-1870. 

Huang X, Yuang J, Goddard A, Foulis A, James RF, Lernmark A, Pujol-Borrell R, 
Rabinovitch A, Somoza N and Stewart TA. (1995) Interferon expression in the pancreases of 
patients with type I diabetes. Diabetes 44: 658-664. 

Goddard AD, Yuan JQ, Fairbairn L, Dexter M, Borrow J, Kozak C and Solomon E. (1995) 
Cloning of the murine homolog of the leukemia-associated PML gene. Mammalian Genome 
6: 732-737. 
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Goddard AD, Covello R, Luoh SM, Clackson T, Attie KM, Gesundheit N, Rundle AC, Weils 
JA, Carlsson LMTI and The Growth Hormone Insensitivity Study Group. (1995) Mutations of 
the growth hormone receptor in children with idiopathic short stature. N. Engl, J. Med. 333: 
1093-1098. 

Kuo SS, Moran P, Gripp J, Armanini M, Phillips HS, Goddard A and Caras IW. (1994) 
Identification and characterization of Batk, a predominantly brain-specific non-receptor protein 
tyrosine kinase related to Csk. J. NeuroscL Res. 38: 705-715. 

Mark MR, Scadden DT, Wang Z, Gu Q, Goddard A and Godowski PJ. (1994) Rse, a novel 
receptor-type tyrosine kinase with homology to Axl/Ufo, is expressed at high levels in the 
brain. Journal of Biological Chemistry 269: 10720-10728. 

Borrow J, Shipley J, Howe K, Kiely F, Goddard A, Sheer D, Srivastava A, Antony AC, 
Fioretos T, Mitelman F and Solomon E. (1994) Molecular analysis of simple variant 
translocations in acute promyelocytic leukemia. Genes Chromosomes Cancer 9: 234-243. 

Goddard AD and Solomon E. (1993) Genetics of Cancer. Adv. Hum. Genet. 21: 321-376. 

Borrow J, Goddard AD, Gibbons B, Katz F, Swirsky D, Fioretos T, Dube I, Winfield DA, 
Kingston J, Hagemeijer A, Rees JKH, Lister AT and Solomon E. (1992) Diagnosis of acute 
promyelocytic leukemia by RT-PCR: Detection of PML-RARA and RARA-PML fusion 
transcripts. Br. J. Haematol. 82: 529-540. 

Goddard AD, Borrow J and Solomon E. (1992) A previously uncharacterized gene, PML, is 
fused to the retinoic acid receptor alpha gene in acute promyelocytic leukemia. Leukemia 6 
Suppl3: 117S-119S. 

Zhu X, Dunn JM, Goddard AD, Squire JA, Becker A, Phillips RA and Gallie BL. (1992) 
Mechanisms of loss of heterozygosity in retinoblastoma. Cytogenet. Cell. Genet 59: 248-252. 

Foulkes W, Goddard A. and Patel K. (1991) Retinoblastoma linked with Seascale [letter]. 
British Med. J. 302: 409. 

Goddard AD, Borrow J, Freemont PS and Solomon E. (1991) Characterization of a novel zinc 
finger gene disrupted by the t(15;17) in acute promyelocytic leukemia. Science 254: 1371- 
1374. 

Solomon E, Borrow J and Goddard AD. (1991) Chromosomal aberrations in cancer. Science 
254:1153-1160. 

Pajunen L, Jones TA, Goddard A, Sheer D, Solomon E, Pihlajaniemi T and Kivirikko Kl. 
(1991) Regional assignment of the human gene coding for a multifunctional peptide (P4HB) 
acting as the p-subunit of prolyM-hydroxylase and the enzyme protein disulfide isomerase to 
17q25. Cytogenet. Cell. Genet. 56: 165-168. 

Borrow J, Black DM, Goddard AD, Yagle MK, Frischauf A.-M and Solomon E. (1991) 
Construction and regional localization of a Not\ linking library from human chromosome 17q. 
Genomics 10: 477-^80. 

Borrow J, Goddard AD, Sheer D and Solomon E. (1990) Molecular analysis of acute 
promyelocytic leukemia breakpoint cluster region on chromosome 17. Science 249: 1577- 
1580. 
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Myers JC, Jones TA ( Pohjolainen E-R, Kadri AS, Goddard AD f Sheer D, Solomon E and 
Pihlajaniemi T. (1990) Molecular cloning of 5(IV) collagen and assignment of the gene to the 
region of the region of the X-chromosome containing the Alport Syndrome locus. Am. J. Hum. 
Genet 46: 1024-1033. 

Gallie BL, Squire JA, Goddard A, Dunn JM f Canton M, Hinton D, Zhu X and Phillips RA. 
(1990) Mechanisms of oncogenesis in retinoblastoma. Lab. Invest 62: 394-408. 

Goddard AD, Phillips RA, Greger V, Passarge E, Hopping W, Gallie BL and Horsthemke B. 
(1990) Use of the RB1 cDNA as a diagnostic probe in retinoblastoma families. Clinical 
Genetics 37: 117-126. 

Zhu XP, Dunn JM, Phillips RA, Goddard AD, Paton KE, Becker A and Gallie BL (1989) 
Ggrmline, but not somatic, mutations of the RB1 gene preferentially involve the paternal 
allele. Nature 340: 312-314. 

Gallie BL, Dunn JM, Goddard A, Becker A and Phillips RA. (1988) Identification of mutations 
in the putative retinoblastoma gene. In Molecular Biology of The Eve: Genes. Vision and 
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Oligonucleotides with Fluorescent Dyes at 
Opposite Ends Provide a Quenched Probe 
System Useful for Detecting PCR Product 

and Nucleic Acid Hybridization 

Kenneth J, Uvak, Susan J.A, Flood, Jeffrey Mormaro, William Giusti, and Karin Deetz 
Pcrkln-Elmcr, Applied I M systems Division, Foster City, California 94404 



; The 5' nucleat* PCft its ay datsct* th« 

. accumulation of specific PCR product 
1 by hybridization and cleavage of a 
double-labeled fluorogentc probe 
during the amplification reaction* 
The probe Is an oligonucleotide with 
both a reporter fluorescent dye artd a 
quencher dye attached. An Increase 
In reporter fluorescence Intensity In- 
dicates that the probe has hybridized 
to the target KR product and tin* 
been cleaved by the 5*^3' nude* 
Olytlc activity of Too DNA polymerase* 
In thl* ttudy, probes with the 
<|Uenchcr dye attached to an Internal 
nudeotlde were compared with 
probe* with the quencher dye at- 
teched to the 5 '-end nucleotide. In all 
cases, the reporter dye was attached 
to the 5' end. All Intact probes 
showed quenching of the reporter 
fluorescence. In general, probes with 
the quencher dye attached to the 3'- 
end nucleotide exhibited a larger slg- 
rial in the 5' nuclease PCR assay than 
the Internally labeled probes* It Is 
proposed that the larger signal b 
caused by Increased likelihood of 
cleavage by Taq DNA polymerase 
when the probe Is hybridized to a 
template strand during PCR. Probes 
with the quencher dye attached to 
the 3 f Hsnd nudeotlde also exhibited 
an Increase In reporter fluorescence 
In tenuity when hybrldlaed to a com- 
plementary strand. Tlius, oligonucle- 
otides with reporter and quencher 
dyes attached at opposite ends can 
be used ai homogeneous bybrldlm- 



homogeneous ai^ay for detecting 
11 iv Mtximudatloii of specific PCK prod- 
uct that uses a double-labeled fluoro- 
genic probe was described by Lee et al. n) 
The assay exploits the 5' - > 3' nutfc- 
olytlc activity of Taq UNA poly* 
meiaae* 7 '*" 0 and h diagramed in Plgure 1. 
'fhc fluorogenit.- piijlnt consists of an oli- 
gonucleotide, with u reporter fluorescent 
dye, >u^li as a fluorescein, attached to 
ihr 5' end; and a quencher dye* such as a 
rhodamine, alt ached Internally, When 
the fluorescein is excited by irradiation, 
Us fluorescent omission will be 
quenched if the iliinkuuiuc is close 
enough to be excited through tfa* pro- 
cess of fluoresce i u.v energy trans! er 
(Vm- t4 * } During PCH, if the probe is hy. 
bridized to a template stmud, Taq DNA 
polymerase will cleave the probe be- 
cause of its Inherent 5' «* 3' nudeolytic 
activily. If the cleavage occurs between 
the fluorescein and rhodamlnc dyes, it 
causes an increase in fluorescein fluores- 
cence; intensity because the fluorescein 
is no longer quenched. "The Increase in 
fluorescein fluorescence Intensity indi* 
cales thut the probe-specific PCR product 
has Inruri generated. Thus, FET between a 
lejKJiiei dye and a quencher dye is criti- 
cal to the performance of llir. piobe kj 
UiO 5' uu cleave PCR o.vtay. 

Quenching is completely dependent 
on the physical proximity of the two 
dycs. w Because of .this, il has In-oai as- 
sumed that the quencher dye mu»L be 
attached neai the 5' end. Surprisingly, 
we liave found that attaching a rho- 
Ufliuiitt dye nl the 3' end of a puitn: 



PCR assay. lUHhftrmore, cleavage of this 
type of probe is not required to achieve 
some reduction in quenching. .Oligonu- 
cleotides with a reporter dye on the V 
end and a quencher dye on the 3 f end 
exhibit o much higher reporter fluorcs* 
cviicc when dout>ic-stranded as com- 
pared with single-stranded. Tin's should 
make it possible to use this type of dou- 
bte'latteled probe for homogeneous de- 
tection of nucleic acid hybridization. 



MATERIALS AND METHODS 
Oligonucleotide* 

Table 1 shows the nucleotide sequence 
of the oligonucleotides used In this 
Study. Linker arm nucleotide (LAN) 
phosphorarniditc was obtained from 
Glen Research. The standard DNA phos- 
phoramiditcs, 6-carboxyfluorcscein (6* 
FAM) phosphoramlditt:, n-carboxytet* 
ramethylrhodamlne sucdnlmidyl ester 
(TAMRA NHS ester), and Phosphalink 
for attaching a M'-hlocklng phosphate, 
were oDtaincd irom Pcrkln-£lmer # Ap- 
plied Biosystems Division. Oligonucle- 
otide synthesis was performed using an 
ABI model 394 tiNA synthesiser (AppJied 
Uiosystems). Primer and complement 
oUgonucleondes were purified using 
Ollgu Purir«.atujn Cartridges (Applied 
Biosystems). Di/ublc-luln.led probes were 
xyritlirsired with o'-PAM'labeled phos* 
phuiduiidtLe at the 5* urtdr I AH replacing 

one of tbeTs In the sequence, and Phos- 
phalink at the 3' end. Following de- 
prwttxttoii and ettianoi pixxipitatlon, 
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FIGURt 1 Diagram of 5' nuclease assay. Stepwise representation of trie 5' -* 3' nucteojytk' ac- 
tivity of Taq DNA polymerase acting on a ftuoiugcnR probe durJiiK one extension phase of rc;R, 



mM Na-blcarboiiaic buffet (pH 9.0) at 
room temperature, Un reacted dye was 

icmovcil by ovei a I'D-10 $cph«» 

dcx column. Finally, Iho double-labeled 
probe was purified by preparative r»Rh- 
pcrformance liquid chromatography 
(UHUy using an Aquaporc C« 220x4.6- 
mm coiuron with 7^m particle size. The 
column was developed with a 24*mln 
linear gradient of 9-20% ucctouitrlk* in 
0,) m T£AA (tricthylamlnc acetate), 
Probes are named by designating the se- 
quence from Tabic 1 and the position of 
the 1AN-TAMKA moiety, For example, 
probe Al-7 has sequence Al with IJVN- 
TAMRA at nucleotide position ? from the 
5' end. 



PCR *jr»u?fn> 

All l*CR amplifications were performed 
in the Pcrkin-Elmer CcncAmp PCSl Sys- 
tem 9600 using MJ-uJ rcacUons that con- 
tained 10 mM Tris-Hd (pH 5,3), 50 iiim 
KCI, 200 u,M dA'll\ 2U0 |lm dCIV, 200 m 
dCitV, 400 dUTP, 0.5 unit of AinpEr- 
ase uracil N-glycosylase (Pcrkin-Elmer), 



gene (nucleotides 2141-2435 in the se- 
quence of Naka|lma-!ljlma ct al) m was 
amplified using punier* AI^> add AJtP 
(Table 1), which are modified slightly 
from those of du Brcuil cl al, <fl) Aclln am- 
pliflcotlon reactions contained 4 jtim 
MgCI^ 20 ng of human genomic J>NA, 
50 nM Al or A3 probe, and 300 nn each 



TABLE 1 Sequences of Oligonucleotides 



primer. The thermal regimen was S0°0 
(2 mln), OST (10 min), 40 cycles of 95V. 
(20 »ec), 60*C (1 mln), and hold at 72°C, 
A 515-bp segment was amplified from a 
plasmld that consists ol a segment ol X 
1>NA (nucleotides 32,230-32,747) in- 
serted in the Snral slt«t of vector pUCl 19. 
These reactions votjtalmHl H.5 iiim 
MgC:!*, 1 ng of plusmld DNA, 50 riM P2 or 
PS probe, 200 nw primer V\X9 t and 200 
iim piimej R119. The thermal regimen 
was $<TC (2 mln>, 1>5*C (10 mln), 25 cy- 
cle* Of y$"C (20 3cc)» $7%: (J mln), ond 
hold at 72 ft C 



fluorescence fiat ect Inn 

For each amplification reaction, a 40-m-I 
aliquot of a sample was transferred to an 
Individual well of a white, 9<Lw<t)1 micro* 
titer plate (Perkin-Ulmer). Fluorescence 
was measured on the Pcrkin-EImcr Taq- 
Man LS-SOU System, which consists of a 
luminescence fl pod rometc-r with plate 
reader u&ctnbly, a 4B5-nm excitation £11* 
ter, and a M6»nnr emission filter. Exdta* 
tion was at 488 mn using a ,S*nm slit 
width. Emission was measured at 518 

nm for 6-1 'AM (the. reporter or H value) 
and S&2 nm for TAMltA (the quencher or 
Q value) using a 10-nm silt width. To 
determine the incit-asc in lepuitei unls* 
>1oii that h caused by cleavage of the 
probe during PO-R, three normalirJitlonft 
arc applied to the raw emission data. 
}-'irst, emission intensity of a buffet blank 
Is subtracted for each wavelength. Sec- 
ond, emission intensity of the reporter h 



Name 


lype 


Sequence 




primer 


ACCXAC^<5C^CTCATCACCACTC 




prixnvT 


A*ixsTCGCXjTrcxxK3c:icA<:cnTcririC 




probi' 


1 OGCATjyVCI 0 AiXXrtlXJCCAACCACTp 




com pic men l 


CTACrCCTrCCCAAO^ATGAtrTAATOCOA^ 


PS 


probe 


CUOATn GCiXiO'rAraATCMCAACCATp 


rse 


cwnploiucnt 


Tn s C^TCCTTGTCATA<^1A<X^0CAAA'rC^ 


AW 


primer 


TCACCCACACTGTGCCCATCTACOA 


ARr 


primer 


CACiCXfUAAt X XiCTCIATrOCCAATCG 


Al 


probe 




Air 


complement 


A(utxu^t;(!A'ix;c(JVTt:c:t;c;(;Atu;(K^TAC 


A3 


pioi^c 


CGCCCT6GACl ¥ rCCA0CAACJA0ATi* 


A3r 


conipltnueut 


CCATTTCnTOCTCtlAAGTCCAGGGnGAC 



For each oligonucleotide used In tills study, the nucleic add sequence U glvcri, written in the 
5* » 3' clinxt'ioii. Theie are three types of oligonucleotides; PGR primer* fluorogenic probe used 
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ai-2 Jc*\Qor;c:rrj xx:cxrji'rcjLX'jL's<X7V(&x;Ti> 



Prob* 


518 nm 


682 nm 






AM 




AA tMMJS. 


4 t*r*f>. 


no Ufrqx 


4 t*mp. 








A1-2 


35 5 4 2.1 


32.7* 1.0 


33J it 3.0 


36-0 J 2.0 


0^7 * 0.01 


O.fiO i 0.0G 


0.10 d 0,06 


A1»7 


03.0 & 4.3 


30ft. 1*21^ 


ioe.&*6.3 


1l0.3!*S-a 






3XK>*0,(» 


AM 4 


127.0*4.0 


403.9^ 10.1 


tO&.7±6.D 




i.ie d o.02 


4^i0.t5 


3. 18 J 6, IS 


A-M9 


1G7.&* 




70.3 * 7.4 


73.0 * ff.O 


2.67 d O.06 


6.00*0,16 


3,13 a 0.16 


A 1-22 


224 .G i 0.4 


4SG.L* £ 43*6 


100,0 ±4,0 




fi£S a. O.03 


5.02 10.11 


£,7710.12 




f60,£ J 0.9 


464.1 1 Itf.A 




w./ 1 a.k 




b,Ul±U\OS 





"CURE 2 R«ult5 of f ' nuclrar nwy iiimpadiuj p-*<dn probe* with TAMRA at different micle 
otlite positions As described In Materials ana Methods. t'Ot amplification* containing the In- 
dicated probes were performed, and the fluorescence emission was measured at 518 and 582 nm. 
Reported valuta arc the average*! s.o. for six reaction? nm without added template (no temp.) 
and six reactions run with template ( i temp,). The HQ ratio was calculated for each individual 
reaction and averaged to give the reported RQ" and HQ 1 valuta. 



divided by the emission intensity uf (he 
quencher to give an RQ ratio for cadi 
reaction tube. Tills normalizes tor well- 
to-wen variations in probe concentra- 
tion and fluorescence measurement, ri- 
nally, ARQ is calculated by subtracting 
mc KQ value of* the np-templatc control 
IRQ" ) from the KQ valuu for the com- 
plete reaction including template 
(RQ*), 

RESULTS 

A series of probes with increasing dis- 
tances Denveen the fluorescein reponci 
and rhodamtnc quencher were tested to 
invesugate the minimum and maximum 
spacing that would give an acceptable 
performance in the 5' nuclease 1'CK as* 
say. Tnese probes hybridize to a target 



.sequence in the human p-actin gene, 
ftguic 2 shows the results of an experi- 
ment in which these probes were In- 
cluded in PGR thai amplified a segment 
of the £-m1if! g«im containing the la i get 
sequence IVifouiiance in the 5' nu- 
clease PGR assay Is monitored Iry the 
magnitude, of AkQ, which ba measure 
of the increase lit reporter fluwcweiu*; 
cauacd by PGR amplification of the 
probe target, Probe Al-2 ha» a 4RQ value 
that is close to r.ero, indicating that the 
probe was not Cleaved appreciably dur- 
ing the amplification reaction. Thlji aug- 
KcaU that with the quencher dye on die 
secund nucleotide from the end, there 
is insufficient khiiii lot Tuq polymerase 
to cleave efficiently bclwccn the reporter 
and quei lchei. The other five probes ex- 
hibited comparable ARQ values thai are 



clearly different from 7-cro. Thus, oil five 
probo arr befog cleaved during POk am- 
plification loulUng in a Mmllar Increase 
ill leporto* fluoresce ice. It should be 
noted thai complete digestion of a probe 
produces a much larger increase in re- 
porter fluorescence than that observed 
in Figure 2 (data not shown). Thus, even 
In reactions where amplification occurs, 
the majority of probe molecules remain 
uiicleavcd. It is mainly for this reason 
that the fluorescence intensity of the 
quencher dye TAMJIA change! lliilc with 
amplification of the target, This Is what 

allows us to use the 582-nm fluorescence 
reading as a normalisation factor. 

The magnihirli* of RQ* dr*pr*ndjt 
mainly on the quenching efficiency in- 
herenr in the specific structure nl the 
probe and the purity of the oligonucle- 
otide. Thus, the larger KQ" values indi- 
cate that probes AM4 ; AJ-19, Al-22, and 
Al-26 probably have reduced quenching 
as compared with Al-7. Sllll, the degree 
of quenching is sufficient to detect a 
highly significant increase In reporter 
fluorescence when each of these probca 
is cleaved during PCU. 

To further investigate the ability of 
TAMKA on the V end to quench fi-PAM 
on the 5' end, three additional pairs of 
probe* were tested in the 5' nuclease 
PGR assay. Foi each pair, one probe has 
TAMRA attached io an internal nude- 
wllde and the uthei has TAMRA attached 
to the 3' end nucleotide. The results arc 
shown in Table hor all three sets, the 
probe with the 3' quencher exhibits u 
ARQ value that is considerably highe! 
than for the probe with the internal 
quencher, The HQ* values suggest iHnl 
differences In quenching arc not as grmt 
as those observed with some of the Al 
probes. These results demonstrate that a 
quencher dye 6/1 the 3' end of on oligo- 
nucleotide can quench efficiently the 



TO 



TABLE 2 Results of V Nuclease Assay Comparing l'robes with TAMRA Attached to ah Internal or S* -terminal NucleoUde 



518 utn 



5$2 nm 





ftobe. 


no temp. 


+ temp- 


Ito icxuy. 


4 temp. 


HQ 






AC 


. A3-6 
A3-24 


54.6 i 3.2 
7ZA ± 2.9 


84.^ z :u 
236^ HU 


M6£± 6.4 
&4.2* 4.0 


m.6 J. 2.5 

90.2 J- 3,« 


0.47 2. 0.02 
0.86 u. 0.02 


0.73 a. 0.0H 
2.62 ± 0.0S 


± 0.U4 
1.76^0.05 


the 


17-7 
1*2-27 


113.4 2:6.6 


3»4.U± 34.1 
$55.4 ± 14-1 


ioy ) X 6.4 
140,7 * 8,3 


120.4 * iaz 

118.7x4.8 


0.79 l 0.02 
0,81 ± 0^)1 


3,lv * 0U6 
4.68 ± 0.10 


0.40;* 0.10 
3.88 t 0.10 


the 


1*5-10 
PS-28 


77^ ± 6J5 
64.0 i 5.2 


244.4 A 16.^ 
333.6 st 12.1 


66.7 J. 4,3 
1<X1,6 * 6.1 


95.6 * 6.7 

94.7 X 6.3 


0.89 a 0X15 
0.63 ±0.02 


2~S$* 0,06 
3-^3^0.12 


1.66 ± 0.08 
2.89 i 0.13 



. 1-* — 4k. ...us,-*** pmthM onri r^iniUiions wurc nerformcd as described In M«tcrio) «»id Methods and in the legend to Vlg. 2. 
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fluorescence of a r*>pnrtt'r dye on the 5' 
end. Tin? degree of quenching is suffi* 
deal for (Ink type of oligonucleotide to 
be used as a proba in the V nuclease PGR 
assay. 

To test the hypothesis thai quenching 
by a .V TAMRA depends on the flexibility 
of the oligonucleotide, fluorescence was 
mcasuititd fur probes In the Single- 
stranded and double stranded states, To* 
bte A reports, (he fluorescence observed 
at 518 and 582 Jim. The relative degree 
of quenching Is assessed by calculating 
the RQ ratio, tar probes with TAMRA 
6-10 nucleotides from the S 1 end, there 
is little difference In the RQ values when 
comparing slngle»stranctocl with double- 
stranded oligonucleotides, The results 
for probes with TAMRA at the 3' end are 
much different. For these probes, hy- 
bridizatfon to a complementary strand 
causes a dramatic Increase in HQ, We 
propose that this loss of quenching is 
caused by the rigid Structure of double, 
stranded l>NA, which prevents the 5' 
and 3' ends from being in proximity. 

When TAMRA is placed toward the 3' 
end, there is a marked Mg a ' effect on 
quenching Hgur* 3 shows a plot of ob- 
served RQ values for the Al series of 
probes as a function of Mg 2 * concentra- 
tion. With TAMRA attached near the 5' 
end (prohe A 1 -2 or Al-7), the RQ value at 
0 mw Mg 2 - is only Slightly higher than 
RQ at 10 inw Mg* * . Hoi probes AM9, 
A}-22, and AU26, the RQ values at 0 mM 
Mg a [4 are very high,' Indicating a much 



rnduccd quenching efficiency. For each 
of these probes, them h a marked de- 
crease in KQ at 1 thm Mg' ' followed by 



,9 l 



u gradual decline as the Mg* ivuccu- 
trution increases to 10 tom. Pjuue A1-14 
shows an intermediate RQ value at 0 mM 
M$ ? * with a gradual decline at higher 
Mr*"* coiKcnUatlwii*. In a low-salt en- 
vironment with no Mg 1 * present, a Sin- 
gle-Stranded oligonucleotide would be 

expected to adopt an extended confor- 
mat ion because of electrostatic repul- 
sion. The binding of Mg a+ Ions acts to 
shield the negative charge of the phos- 
phate backbone so that the Oligonucle- 
otide can adopt conformations where 
the 3' end is close to the 5' end, There- 
fore, the observed Mg 2 1 effects support 
the notion that quenching ol a 5* re* 
porter dye by TAMRA at or near the 3' 
end depends on the flexibility of the oli- 
gonucleotide . 

DISCUSSION 

The striking finding of this study is that 
it wems the rhodamine dye TAMKA, 
placed at any position in an oligonucle- 
otide, can quench the. fluorescent emis- 
sion of a fluorescein (6-FAM) placed at 
the $' end. This implies that a single- 
stranded, double-labeled oligonucle- 
otide must he able to adopt conforma- 
tions where the TAMRA Is close to t he 5' 
end. It should lie noted that Uie decay of 
6-l'AM in the excited state requires a cer- 
tain amount of time. Ilierofore, what 



TABIC 3 Comparison of Pluot cacokc Emi>»iuu3 of singtc-^Trandccl ana 
DouLW;-»4r*ndcd Fluotogenic I>iobe*> 



518 nm 



582 nm 



RQ 





48 




V9 


as 


SS 


ds 


A1-V 


27.75 


68.53 


61.0$ 


m.18 


0.4S 


0.50 


A 1-26 


43.31 


509.38 


$3.50 


93.86 


0.81 


5.43 


A3.6 


16.7S 


62.88 


39.33 


165.57 


0.43 


0.38 


A.1-24 


30.05 


578.64 


67.77. 


140.25 


0.45 


3.21 


n-i 




70.13 


M.63 


123.09 


0.64 


0.58 


i'2-27 


39.G9 


320.47 


65.1U 


61.13 


0.61 


5.25 


l'S-10 


27.34 


144.B5 


61,95 


165.54 


0.44 


0.B7 




3165 


462.29 


7£.$<> 


10*.$] 


0.46 


4.W 



(s$) Slnglc-Mrandert, Hie fluorescence emissions at 538 or 582 nm for solutinns containing a final 
concentration of 50 nM indicated prohe, lo mM Tris-IIU (pH 8.3), 50 mM KC1, and 10 mM MgCl*. 
(ds) Dcmhlu-jvtrandfd. Th« solutions contained, in addition, 100 nM Alt*: f«T prohe* Al-7 and 
Ah26. 100 mi A3C for probes A3-6 and A3-24. 100 nM \'2X : fesr \nvAm Y2^7 and 17-77, or 100 nM 

PSC for probes PMO And f &-2». licforc tnc atfdWOfl of 1Z£> yAOl Mtfj saihlftc WAS heated 



marten for quenching is nut the averaj 
distance between 6-FAM and TAMP 
but, rather, how close TAMKA can get l 
6*FAM during die lifenme of U1C 6-FAI 
excited state. As long <n> the decoy time i 
the excited state IS relatively long con 
pared with the molecular motions of tt 
oligonucleotide, quenching can occu 
Thus, we propose that TAMRA at the • 
end, or any other position, can queue 
6-FAM at the V end because TAMRA is i 
proximity to fi*KAM often enough to t 
able to accept energy transfer from a 
excited 6-FAM. 

Details of the fluorescence mcasun 
mcnts remain puzzling. For example, Ti 
bit- 3 shows that hybridization of probe 
Al-26, A3-24, and P5-28 to their compk 
mentary strands not only causes a larg 
increase in r>FAM fluorescence at 51 
nm but also causes a modest Increase i 
TAMRA fluorescence at 582 nm. 1 
Tamba is being excited by energy tram 
fcr from quenched 6*MM, then loss c 
quenching attributable to hybridizatloi 
should cause a decrease in the fluorc? 
cence emission of TAMRA, The fact tha 
the fluorescence emission of TAMRA in 
creases indicates that the situation 1 
more complex. Kor example, we have an 
ecdoial evidence that the bases of th< 
oligonucleotide, especially <i, quencl 
the fluorescence of both 6-FAM a n« 
TAMRA to some degree. When double 
stranded, base-pairing may reduce th< 
ability at the bases to quench, llie pri 
ruary factor causing the quenching o 
6-yAM in an Intact probe is the TAMR/ 1 
dye. Evidence for Uie importance o 
TAMRA is that 6 KAM fluou^ctno 
remains rela lively uzidiangcd whci 
probes lalHsUxl only with 6-FAM are usw 
In the 5' nuclease VCR assay (data no 
shown). Secondary effectors of fluores 
cence, both before and aftei cleavage o 
the probe, need to be. explored further. 

Regardless of the physical mccha 
nlsm, the relative independence of posl 
tion and quenching greatly slmpllfjc; 
the design of probes for the S' nuclcaM 
PCR assay, There are three main factor; 
thai determine the performance of t 
double-labeled fluorescent probe Jn lb< 
S # nuclease 1*01 assay. The first factor ii 
the degree of quenching olwerved In tht 
intaa probe. Tills b characteriwd by tht 
value of RQ* , which Is the ratio of re 
porter to quencher fluorescent cmis 
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FIGURE 3 Kff^i e,f Mg K1 concentration on RQ ratio for the Al series of probes. The fluorescence 
emission Intensity al S18 and 562 nm was measured for solution* containing 50 nM probe, 10 mM 
Tris-HCl (pH 50 mM KCL and varying amounu (0-10 mu) of MgCJ 2 . Jr* calculated kQ 
ratios (51 8 nm Intensity divided hy .SR3 nm intensity) an* pUiiUal v*. MgCI A concentration (mM 

Ms). f l1i« key <uf*//» light) *lmwa llic |mjUfe VAtuuimttl. 



dyes used, spacing between reporter and 
quencher dyes, nucleotide sequence 
context effects, presence of air ucUirc or 
olhet faeiui* Ui«t reduce flexibility of 
the oligonucleotide, and purity of (he 
probe. The second factor is I be efficiency 
of liyhiitliutUuii, which depends on 
probe T m , presence of secondary ttruc- 
turc in probe or template, annealing 
temperature, and other reaction -condi- 
tions. The third factor is the efficiency at 
which Taq DNA polymerase cleaves the 
bound probe between the reporter and 
quencher dyes. This cleavage Is depen- 
dent on frequence complementarity be- 
tween piobe and template as shown by 
Ihe observation that mismatches in the 
segment between xeponer and quencher 
dyes drastically reduce the cleavage of 
probe. n) 

The rise in RQ' values for the Al se- 
ries of probes seems to indicate that the 
degree of quenching is reduced some- 
what as the quencher is placed toward 
the S' end. 'Ihe lowest apparent quench* 
»ng is observed for probe Al-19 (sect Fig. 
3) rather than for the probe where the 
TAMRA Is at the 3' end (Ai-26). This is 
understandable, as the conformation of 
the 3' end position would be expected to 
be less restricted than the conformation 
of an internal position. In effect, a 
quencher at the 3' end is freer to adopt 
conformations close to the f>' reporter 
dye than is an internally placed 

— *K-* iKfM v«*tv /\f 



probes, the interpretation of RQ values 
is less clear-cut. The A3 probes show the 
some trend as Al, with the 3' TAMRA 
piobc living a larger RQ than the in* 
ternal TAMRA probe. For the 1*2 pall, 

both probe.* have about the same RQ" 

value. Poi the PS probes, the RQ for the 
3' probe, is less than for the Internally 
labeled probe. Another factor that may 
explain some of the observed variation is 
that purity affect? the RQ" value. Al* 
though all probes are HPI.C putified, a 
small amount of contamination with 
unquenched reporter can have a large ef- 
fect on HQ . 

Although there may be a mode* I ef- 
fect on degree of quenching, the posi- 
tion of the quencher apparently can 
have a large effect on the efficiency of 
probe cleavage. The most drastic effect is 
observed with probe Al-2, where place- 
ment of the TAMRA on the second nu- 
cleotide reduce* the efficiency of cleav- 
age to almost zero. For the A3, I»2, and PS 
probes, ARQ is much greater for ihe 3' 
TAMRA probes as compared with the in- 
ternal TAMRA probes. This is explained 
most easily by assuming dial piobe* 
with TAMRA at the 3' end are more likely 
to be cleaved Iwrtwcen aepoilei and 
quencher than arc probes with TAMRA 
attached internally, J : or the A1 probes, 
the cleavage efficiency of jrrobe Al-7 
must already be quite high, as ARQ does 
not increase when the quencner is 
nlaml rioter to trw» .V end. This illus- 



trates the importance of heinfc ahlr to 
use probes with a quencher on Iho X' 
end in the S' nuclease I J CR assay, in this 
assay, an increase in the intensity of re- 
porter fluorescence is obser\'ed only 
whun the probe Is cleaved between the 
reporter and quencher dyes. By placing 
the lupoj'Lur and quuuchei dyc& oil the 
opposite endft of an oligonucleotide 
probe, any cleavage that occurs will be 
detected. When the quencher is attached 
to an internal nudcotldu, vometlmes Uie 
piobtr worlu well (A 1*7) and other lluiea 
not so well (A3-6). Hie relatively poor 
performance of probe A3 -6 presumably 
means the probe U being cleaved 3' to 
the quencher rathor than between die 
repnripr and quencher. Therefore, the 
best chance of having a probe that reli- 
ably detects accumulation of PCR prod- 
uct in the V nuclease VCR assay Is to use 
a pToho with the reporter and quencher 
dye* on opposite ends. 

Placing the quencher dye on the 3* 
end may also provide a slight bone lit in 
terms of hybridization efficiency. Ilic 
presence of a quencher attached to an 
Internal nucleotide might be expected to 
disrupt base-pairing and reduce the T m 
of a probe. In fact/ a 2 ft (J-.H*(! reduction 
In T m has been observed for two piobes 
Wilh inttnnally attached TAMKAs/* 0 This 
disruptive effect would be minimized by 
placing the quencher at the 3' end, Thus, 
probes with y quenchers might exhibit 
slightly higher hybridization efficiencies 
Umn piobeS wilh internal quctichei*. 

The combination of increased cleav. 
age and hybridisation efficiencies means 
that probes with 2* quenchers probably 
will be more tolerant of mismatches be- 
tween probe and target as compared 
wilh internally labeled probes. This tol- 
erance of mismatches can be advanta- 
geous, as when trying to use o single 
probe to detect POK-amplificd products 
front samplcN ufdjfftienl species. Also, it 
means that cleavage of probe during PGR 
is less sensitive to alteration* in an- 
nealing temperature or other reaction 
conditions. The one application where 
tolerance of mismatches may be a disad- 
vantage is tor allelic discrimination, ixic 
ct al. 0> demonstrated that allele-speclflc 
probes were cleaved between reporter 
and quencher only when hybridised to a 
perfectly complementary target. This al- 
lowed them to distinguish die normal 
human cystic fibrosis allele from the 
AFS08 mutant. Their probes had TAMRA 
attached to the seventh nuclcoUdc from 
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mM Mg 

figure 3 Kffcet of Ms* 1 conuwurtttJun on RQ ratio for ttic A3 series of probes, The fluwrttswiio* 
emission intensity at MR and 682 nm was measured for solutions containing SO om probe, 20 mM 
Trifc-lia (pH 8.3), 50 tom Kd, and varying amount* (0 10 vm] of MgCI*. The calculated RQ 
ratios (sifl nm intensity divided by 5«z nm intensity) arc plotted vs. MgQ 2 concentration (him 
Mff). The key (u#>rr right) shows the probes examined. 



dyes used, spacing between reporter and 
quencher dyes, nucleotide sequence, 
context effects, presence ot structure or 
other factors that reduce flexibility of 
the oUgonucieotidc, and purity of the 
probe. The second factor IS the efficiency 
of hybridization, which depends on 
probe T m , presence of secondary struc- 
ture in probe or template, annealing 
temperature, and other reaction condi- 
tions. The third factor is the efficiency at 
which Toq UNA polymerase deaves the 
bound probe between the reporter and 
quencher dyes. This cleavage is depen- 
dent on sequence complementarity be- 
tween probe and template as shown by 
the observation that mismatches in the 
segment between reporter and quencher 
dyes drastically reduce the cleavage of 
probe. <l> 

'the rise in RQ values for the Al se- 
ries of probes seems to indicate that the 
degree of quenching is reduced some* 
what as the quencher is placed toward 
the 3' end* The lowest apparent quench- 
ing is observed for probe A 1-19 (sec Fig. 
3) rather than for the probe where the 
TAMRA is at the 3* end (Al'26). This is 
understandable, as the conformation of 
the 3' end position would be expected lo 
be less restricted than the conformation 
of an internal position. In effect, a 
quencher ar the 3' end is freer to adopt 
conformations close lo the 5' reporter 
dye than is an internally placed 
quencher. For the other three sets of 



probes, the htte rp relation of RQ ' values 
is less clear-cut. The A3 probes show the 
same trend as Al, will) the 3' TAMRA 
probe having a larger RQ" than the in- 
ternal TAMRA probe. For the H2 pah, 
both probes have about the same RQ 
value. For the P5 probes, the RQ' for the 
3' probe is less than foi the inlcinally 
labeled probe. Another factor that may 
explain some of the observed variation Is 
that purity affects the RQ" value. Al- 
though all probes are HPLC purified, a 
small amount of contamination with 
unquenched reporter can have a large ef- 
feci on RQ . 

Although there may be a modest ef- 
fect on degree of quenching, the posi- 
tion of the quencher apparently can 
have a large effect on the efficiency of 
probe cleavage* The most drastic effect is 
observed with probe A 1*2, where place, 
ment of the TAMRA on the second nu- 
cleotide reduces the efficiency of cleav- 
age to almost zero. l ; or the A3, P2, and PS 
probes, ARQ is much greater for the 3' 
TAMRA probes as compared with the in- 
ternal TAMRA probes. This is explained 
most easily by assuming that probes 
with TAMRA al the 3' end are more likely 
to be cleaved between reporter and 
quencher than are probes with TAMRA 
attached Internally, For the Al probes, 
the cleavage efficiency of probe Al-7 
must already he quite high, as ARQ does 
not increase when the quencher is 
placed closer to the 3 r end. This illus- 



trates the importance of bchi£ able to 
use probes with a quencher on the 3' 
end in the V nuclease PCK assay, in this 
assay, an increase in the intensity of re 
porter fluorescence Is ob»«rv*d only 
when the probe is cleaved between the 
rcjwrtcr and quencher dyes. Hy placing 
the reporter and quencher dye* on the 
opposite ends of an oligonucleotide 
jrroln 1 , any cleavage that omirv will I**, 
detected. When The quenchar u attached 
to jit iiitciual nucleotide, frvmoilm&t the 
probe works well and other times 

not so well (A3*6). The relatively poor 
performance of probe A3-6 presumably 
means the probe is beta*; cleaved 3' to 
the. quencher rather thnn between the 
reporter and quencher. Therefore, the 
best chance of having a probe that reli- 
ably detects accumulation of PCR prod- 
uct In the 5' nuclease PCR assay h to use 
a probe with the reporter and quencher 
dyes on opposite ends. 

Placing the quencher dye on the 3' 
end may also provide a slight benefit in 
terms of hybridization efficiency. 'ITu*. 
presence of a quencher attached to an 
interim! nucleotide inifthl be cxpceicd to 
disrupt base-pairing and reduce the 7 (n 
of a probe. In fact a 2*C-3°C reduction 
in 7'^ ho* been. Observed fOT two probes 
with internally attached TAMRA$* (9) This 
disruptive effect would be minimized by 
placing the quencher at the 3' end. Thus, 
probes with 3' quenchers might exhibit 
slightly higher hybridization efficiencies 
than probes with internal quenchers. 

The combination of increased cleav. 
age and hybridization efficiencies means 
that probes with 3' quenchers probably 
will be more tolerant of mismatches be- 
tween probe and target as compared 
with internally labeled probes, This tol- 
erance of mismatches can be advanta- 
geous, as when trying to use a single 
probe to detect PCR-ampIihed products 
from samples of different species. Also, it 
mean* that cleavage of probe during PCR 
is less sensitive to alterations In an- 
nealing temperature or other reaction 
conditions- The one application where 
tolerance of mismatches may be a disad- 
vantage is for allelic discrimination, l^e 
et al/" demonstrated that allclc-speclfic 
probes were cleaved between reporter 
and quencher only when hybridized to a 
pvTfccUy complementary target- This ab 
lowed them ro distinguish the normal 
human cystic fibrosis allele from the 
AF508 mutant. TheiT probes had TAMRA 
attached to the seventh nucleotide from 



HORM 



zose 091 6*6 yvi sstj 2002/20/21 



From : BML 



•PHONE No. : 310 472 0905 



Dec, 05 2002 12: 19PP1 P09 




Uiw V end and wero designed to that any 
ml smutches were between the reporter 
aiul tpienchcr. Increasing the distance 
betwaan reporter and qur.nchar would 
lessen Hie disruptive effect of mis- 
matches and allow cleavage of the probe 
on the incorrect target. Thus, probes 
with a quencher attached to an internal 
nucleotide may still be ucoful for allelic 
rlt&rrlinihMlon. 

In this study loas of Cpjonchlng upon 
hybridisation was used to show that 
quenching by a 3* TAMRA in dependent 
on the flexibility uf a single*stranded oli- 
gonucleotide, The Increase in reporter 
fluorescence intensity, though, could 
alio b* utftd to determine whether hy. 
brldization has occurred or nor. Thus, 
oligonucleotides with reporter and 
quencher: dyes attached at opposite ends 
should also be useful its hybridization 
probes. The ability to detect hybridiza- 
tion In real time means that these probes 
could be used to measure hybridization 
Kinetics. Also, this type of probe could be 
used to develop homogeneous hybrid- 
i station assays for diagnostics, or other ap- 
plications. Bagwell Ct al, <10> describe just 
this type of homogeneous assay where 

hybridization of a probe causes on in- 
crease In fluorescence caused by o loss of 
quenehlng. However! they utilized a 
complex probe design that requires add- 
ing nucleotides to both end* of the 
probe sequence to form two imperfect 
hairpins, lite results presented here 
deiuuiiurdu.' that the simple addition of 
a reporter dye to one end of an oligonu* 
ctcotlde and a quencher dye lo the oihui 
end generate a fluorogonlc probe that 
can detect hybridisation or PCR amplifi- 
cation. 
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We have developed a novel "real time" quantitative PCR method. The method measure* l>CR product 
accumulation through a duaMabeled riuorogenlc probe (Le„ TaqMan Prob*). This method provides very 
accurate and reproducible quantitation of Rene copies. Unlike other quantitative PCR methods, real-time FCR 
does nor require post-PCR sample handling, preventing potential PCR product carry-over contamination and 
resulting in much faster and higher throughput assays. The real-Urn* PCR method has a very large dynamic 
range of starting target molecule determination (at lean five orders of magnitude). Real-lime auantltarlvc 
PCR is extremely accurate and less labor-intensive than current quantitative PCR methods. 



Quantitative nucleic acid sequence analysis lias 
had an important role in many fields of biologi- 
cal research. -Measurement of gene expression 
(RNA) has beau used extensively In monitoring 
biological responses to various stimuli (Tan (•! al* 
1991; Huaiifc el al. I995a,b; Prud'homme et at. 
1995). Quantitative gene analysis (DNA) has 
lx*n used to clt-.i ermine the genome quantity of o 
particular gene, as in the case of the human HEK2 
gene, which is amplified in' -30% of breast tu- 
mors (Slarnon et a!. 1987). Gene and genome 
quantitation (DNA and UNA) also have been used 
for analysis of human immunodeficiency virus 
(J1JV) buTdcn demonstrating changes in the lev- 
els of virus throughout the different phases of the 
disease (Connor al. 1993; Platak et al. jvv:sto; 
J-urtado et al. 1995)- 

Many methods have. been described for riu: 
quantitative analysis ot nucleic acid sequences 
(both for RNA and DNA; Southern 19/6; Sharp et 
al. 19K0; Thomas 19«0). Recently, PCR has 
proven to be a powerful tool for quantitative 
nucleic acid analysis. PCR and reverse transcrip- 
tase (R'O-PCR have permitted the analysis of 
minimal starting quantities of nucleic acid (a* 
little as one cell equivalent). This has made, pos- 
sible many experiments that could not have been 
performed with traditional methods. Although 
PCR has provided a powerful tool, it is imperative 



that it be uaed propcrJy for quantitation (tt»«y- 
maekers 1995), Many early reports of quantita- 
tive PCR and IVl -PCR described quantitation of 
the PCR product but did not measure the initio) 
target sequence, quantity, II is essentia) to design 
pn>i>cf controls for (he quantitation of the initial 
target sequences (Hcrrc 1992; Clementl ct al. 

Ke^ftfchcxs have developed several methods 
of quantitative PCR and RT-PCR, One approach 
measures PCR product quantity in the log phase 
of the amnion befoTe the plateau (Kellogg et al. 
1990; Pang ct a). 1990). This method requires 
thai each sample has equal input amounts of 
nucleic- add and that each sample under analysis 
amplifies with identical efficiency up to the point 
of quantitative analysis. A gene sequence (con- 
tained in all samples at relatively constant quan- 
Ulitfs, such as p-aclln) turn be used for sample, 
am plantation efficiency normalization. Using 
conventional methods of PCR detection and 
quantitation (gel electrophoresis or plate capture 
hybridization), it is extremely laborious to assure 
that all samples are analyzed during the log phase 
of the reaction (for l>olh the taTgcl gene and the 
normalization gene). Another method, quantita- 
tive competitive (QQ-PCR, has l>cen developed 
and is used widely for PCR quantitation. QC-l'CR 
ntlics on the inclusion of an internal control 
competitor in each reaction (Becker-Andre 1991; 
Ptatak ct ol. t993a,b). The efficiency of each re~ 
action is normalised to the internal compel Hot. 
a hrnnwn airumtH of Interna] competitor can be 
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added to each sample. To obtain relative nmtnt~ 
ration, the unknown target PGR product is com- 
pared with the known competitor K"!K product. 
Success of si quantitative competitive PGR assay 
relies on developing an internal control lhal am- 
piifir* with the same efficiency us the uiigvi iuoI- 
cculc. The design of the competUox and the vali- 
dation of amplification efficieneie:* icquirc a 
dedicated effort. However, because QC^-W.R does 
not require thai PCR pitxlucts be analysed during 
the lot; phase of the. amplification, it is the easier 
of the two methods to use. 

Severn 1 detection Kystciu* are used for quan 
Utative PCR and RT-I V CR analysis; (1) uprose 
gels, (2) fluorescent labeling of PCR products and 
detection with la,it?r-mdueed fluorc.Vevncc using 
capillary electrophoresis (Fa.veo ct aJ. 1995; WH- 
hams ei ah 1 996) or aery] amide gels, and (3) plate 
capture and sandwich probe hybrid tuition (Mul- 
der el ah 1994). Although these mc(htHK proved 
successful, each method requires posl-l*CR niii- 
ntpularlons that add time to the analysis and 
may lead tu labuMitoty i milaui'iiiation. The 
sample ihrougliput of Lb cm? method* in Unit ted 
(wllji I he exception of the plate capture ap- 
proach), and, therefore, these methods ore not 
well >uited foi um,^ demanding high sample 
Throughput (he., screening of large numbers of 
MoiuwI^uIcn \n aiiiity/.ln^ aamplva fox diagnos- 
tics or clinical trials), 

I lore we report tlu: development of a novel 
unsay for quantitative TWA analysis. The assay is 
lm**d on the ws«-of the ,V nuclease assay first 
described by Holland et al. (1993). The method 
uses the. 5' nuclease Activity of 7W</ polymerase to 
cleave a noncxtcndlhlc hybridization prol>c dur- 
ing the extension phase of I 'OR- Tins approach 
uses dunl-lnbcled fluorogenic hybridisation 
probes (Lcc ct a). 1993; dossier ct al. 1995; 1 Jvok 
et dl, 1$95a,b). One fluorescent dye serves as ft 
reporter |FAM (i.e., <;-c«rboxyfluoresvcin)| and its 
emission spectra is quenched by the second fluo- 
rescent dye, TAMRA (ha., rt-carboxy-tetramethyl- 
rhodaminc). The nuclease degradation of the hy- 
hrldixutton probe releases the quenching of the 
CAM fluorescein emission, resulting in an In- 
crease tn peak fluorescent emission at SJtt nm. 
The use Of a sequence detector (Alii Prism) allows 
measurement of fluorescent spectra of all 96 wells 
of the thermal cycler continuously during the 
i'CiK amplification. Therefore, the rcuctiuii» aie 
monitored in real lime. The output data is de- 
scribed and quajitltattve unalysb of input turret 
DNA sequences is discussed below. 
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RESULTS 

PCR Product Derealon in R«c*l Time 

The goal was to develop a high-throughput, sen- 
sitive, an<l accurate gene quantitation assay for 
use "In monitoring lipid mediated therapeutic 
gene delivery, A plasmld encoding human factor 
Vlli gene sequence, pF8TM (sec Mel hods), was 
used as a model iherapeutic gene. The assay use* 
fluorescent Taqinan methodology and an instru- 
ment capable of measuring fluorescence in real 
time (Alii Prism 7700 Sequence Detector). Tlu? 
Taqman reaction requires » hybridization pmhr 
lalxdcd with two different fluorescent dyes. One 
tlye is a reporter dyu (1'AM), the other is * quench- 
ing dye (TAMRA). When the pmU: i.s inlacl, fiuo- 
icstcnl energy transfer occurs and the reporter 
dye fluorescent emission is absorbed by the 
quenching dye (TAMRA). During ilie extension 
phase of the PCR cycle, the fluorescent hybrid- 
l/ailon probe K cleaved by the 5'-.'V nucicolylic 
activity of the DNA polymerase. On cleavage of 
the probe, the reporter dye emission Is no longer 
transferred efficiently to the quenching dye, re 
sill til ik In an increase of the report or dyo fluores- 
cent emi-<eiloji ftp*ctra. PCR priiners and proboN 
were designed foi tliu human factor VI 1 J se- 
quence and human p-octln gene (a.t described in 
Methods). Optimization reactions were per- 
formed to choose the appropriate probe unci 
magnesium concentrations yielding the highest 
Intensity of reporter fluorescent signal without 
sacrificing specificity. The Instrument uses a 
charge-coupled device (i.e., CCD camera) for 
measuring the fluorescent emission upeetn* from 
S00 to r»$t> nm. Kach IK'.R tube was monitored 
sequentially for 25 rn.scc with continuous moni- 
toring throughout tin: amplification. Each lube 
wa» re-examined every B»5 sec. Computer soft- 
ware, was designed t<i exuinijic the fluorescent' in- 
tensity of both the reporter dye (KAM) .and 
the quenching dye (TAMRA). The lluoresccnt 
intensity of the quenclilng dye, TAMRA, changes 
very Utile over the course of the PCR amplifi- 
cation (data not shown). l"herefore, the Intensity 
of TAMRA dye emission serves as an Internal 
.standard with which lo normullye the reporter 
dye (FAM) emission variations. T1>t software cal- 
culates a value termed AUn (or ARQ) using the 
following equation: ARn - (Rn J ) (R»")* where 
Hn 4 . • emiSHtun iiitejishy of rc|xurtcr/cmissh>u in- 
tensity of quencher at any given time In a reae 
tion tube, and Ru ^emission intensHity of Te- 
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poncr/emlsslon Jmeinily i>f quencher measured 
prior 10 TCK amplification in 1 hat same reaction 
tul)c. lor the purpose of quantitation, the W 
three data poinls (AR«S) collected during the ex* 
tension step for each J J C:K cycle were analysed. 
The nueleolyUc degradation of the. Hyundai ion 
probe ocxurs during ihe extension phase or rial* 
and < thi:rcfore, reporter fluorescent cnuauun in- 
creases during this time, ihice daw points 
were averaged for each k;K cycle and the metin 
value for each was plotted in an "amplification 
plot" shown in Pijjure J A. The AKn mean value i* 
ploucd on the j^axis, and time, represented hy 
cycle number, is plotted on the .x-axis. During the 
early cycle* of Ihe VCR amplification, the ARn 



value remain* at bas* line When sufficient hy- 
brid 5 /-at Ion probe has been cleaved by the Tm} 
]x>lymerase nuflftAfiG activity, the intensity of re- 
porter fluorescent emission increase. Mnsl l*CK 
amplinudjons reach » plateau phnKe of reporter 
fJuuTCMtjiil emission if the reaction Is carried not 
to high cycle ijuiiiIhtin- The amplification plot lU 
examined eaily in Hut reaction, ut a point lhat 
lujvcscnu ihe log phase of product arnnnula* 
turn. This is done by assigning an arhiUuty 
threshold thai is bawd on the variability of the 
bastf-iincdMia- In Figure 1 A, the threshold whs set 
at 10 standiird deviation* above the mean of 
Vi«c line emission calculated from tydc!» 1 Lo J fv 
Once the threshold is chosen, the point at which 
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Figure 1 PCR product detection in real time. (A) The Model 7700 *j(»ware will construct amplification plott 
from the extension phase fluorescent emission data collected during the PCR amplification. The standard de- 
viation is determined from the data points collected from the base line of the amplification plot C, .values are 
calculated by determining the poim ai which the fluorescence exceeds a threshold limit (usually 10 times me 
Standard deviation of the base line). (8) Overlay ot amplification plots of serially (1:2) diluted human genomic 
DNA »mplcs amplified with p-actin primers. (Q Input DNA concentration of the samples plotted versus «i 
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the amplification plot crossed the throsholdivde 
fined as C P C, is reported us the cycle number ;n 
this -point. As will be demons! r at «d> the CL f .value 
Is pieUIcUve of ihc quantity of input turret. 

Cy Values Provide a Quantitative Measurement, of 
Input Target Sequences 

Figure 1R shows amplification plot* of lii'drffev- 

enl TCR amplifications overlaid. The amplify 
tions were performed on a 1:2 serial dlhithm •<« 
human genomic DNA, *Phc amplified target 
human p actln. The amplification plot* nhifl to 
the right (to higher threshold cycles) ns the input 
target quantity h reduced. 'Jim is expected he 
camu niHCtlnriti with fewer starting eopim of t)ic 
largei molecule require greater amplification to 
degrade enough probe to attain the Threshold 
fluorescence. An arbitrary threshold of 10'stan* 
dard deviations above the base line was used to 
determine the O r value*. Figure 1C represents the 
C r values plotted versus the sample dilution 
value. Each dilution was amplified in triplicate 
VCM amplifications and plotted as mean values 
with error bars representing one standard devia- 
tion. The C T values decrease linearly with increas- 
ing target quantity. Thus, G r values can be used 
as a quantitative measurement of the input target 
number. .It should be noted that the amplifica- 
tion plot for the 15.6-ng sample shown In Plgurc 
IB does not reflect the same fluorescent rate of 
increase exhibited by most of the other samples. 
The 15.6-ng sample also achieves endpoint pla- 
teau at a lower fluorescent vaJtie than would he 
expected ttf.sed on the input DNA. This phcuom- 
cnon has been observed, occasionally with other 
samples (data not shown) and may be attribut- 
able to late cycle inhibition; this hypothesis is 
still under investigation. It is important to note 
that the flattened slope and early plateau do not 
impact significantly the calculated 0, value us 
demonstrated by the fll on lhe line shown $n 
Figure 1 C All triplicate amplifications resulted in 
very similar C,- values— the standard deviation 
did not exceed 0.5 for any dilution. This experi- 
ment contains a > 1 00,000-fold range of input tar- 
get molecules. Using C v values for quantitation 
permits a much larger assay range than directly 
using total fluorescent emission intensity for 
quantitation. The linear range of lluorcsccnt in- 
tensity measurement of flic AIM Prism 7700 Se- 

annrvi 
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mtm'ts over n very large r;mj»«» nf r.Mnttvo tiitrflng' 
target quantities. 

Sample reparation Validation 

Several parameters influence the efllclenry nf 
PCZR amplification: magnesium and sail conceit: 
nations, reaction conditions (i.e., time and tem- 
perature^ PCR target size and composition, 
primer sequences, and sample purity. All of the 
above (actors are common to a single PCR assay, 
except sample to sample purity. In an effort to 
validate lhe method of sample preparation for 
the factor ViJi assay, PCK amplification reproduc- 
ibility and efficiency of 10 replicate sample 
pre|>aratiOTis were examined. After genomic DNA 
wax prepared from file 10 replicate samples, the 
DNA was quantitaicd by ultraviolet spectroscopy. 
Amplifications were performed analyzing p-aciln 
gem: content In 100 and ZS n*; of total genomic 
DNA. Each PCR amplification was performed in 
triplicate. Comparison of C r values for each trip* 
Hcate sample show minimal variation bast.*d on 
standard deviation and coefficient of variance 
(Table 1). iTwrcforc, each oi the triplicate PCR 
amplifications was highly reproducible, demon- 
strating that real time PCR using this instrumen- 
tation introduce* minimal variation Into the 
quantitative PCR analysis. Comparison of the 
mean C n values of the 10 replicate sample prepa- 
rations also showed minimal variability, indicat- 
ing that each sample preparation yielded similar 
results for ft-acltn gene quantity. The highest Ct 
difference between any of the samples was 
and 0.7] for the 300 and 25 ng samples, respec- 
tively. Additionally, the amplification of each 
sample exhibited an equivalent rate- of fluoro 
cent emission intensity change per amount of 
DNA target analy7ed as indicated by similar 
slopes derived from Ihc sample dilution* (Pig. 2). 
Any sample containing an excess of a PCR inhibi- 
tor would exhibit a greater measured 3-actln O r 
value for a given quantity of DNA. In addition/ 
the inhibitor would be diiuied along with tint 
sample in the dilution analysis ( l-i#, 2), altering 
the expected C ( < value change. Each sample am- 
plification yielded a similar result in the analysis, 
dcmom(raiin£ that this method of .sample prepa- 
ration is highly reproducible with regard to 
sampic purity. 

Ouantitarive Analvsis of a Plasm id After 

7ACft AO/ W4 «c:fcT 7nn7/cn/7T 
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Table 1 . Roprodu<lblllty of Sample Preparation Method 



Sample 
no. 



1 
2 
3 
A 
5 
6 
7 

a 

9 
10 

Mean 



100 ng 



standard 
mean deviation 



CV 



18.24 

18.23 

13.33 

18.33 

18.35 

18.44 

18.3 

18.3 

18.42 

18.15 

18.23 

18.32 

18.4 

18.38 

18.46 

18.54 

18.67 

19 

18.28 

18.36 

18^2 

18.45 

18.7 

18.73 

18.18 

18.34 

16.26 

18.42 

18.57 

1 8.66 

0 10) 



13.27 

18.34 
18.23 



0.06 
0.06 
0.07 
0.08 



18.74 0.21 



18.39 0.12 



18.63 0.16 



18.29 0.1 



18.55 
18.12 



0.12 
0.17 



0.32 
0.3? 
0.36 
0.46 

0.23 
1.26 
0.66 
0.83 

0.65 
0,90 



20.48 

20.55 

20.5 

20.61 

20.59 

?0.41 

20.54 

20.6 

20.49 

20.48 

20.44 

20.38 

20.68 

20.87 

20.63 

21.09 

21.04 

21 .04 

20.67 

20,73 

20.65 

20.96 

20.84 

20.75 

20.46 

20.54 

20.48 

20.79 

20.78 

20.62 



25 ng 



mean 



20>51 



20.54 



20.43 



20.86 

20.51 

20.73 
20.66 



standard 
deviation 



0.03 
0,11 
0.06 
0.05 



20.73 0.1 3 



21.06 0.03 



20.68 0.04 



0.12 
0.07 

0,1 
0.19 



cv 

0.17 

0.54 

0,28 

0.26 

0.61 

0.15 

0.2 

0.57 

0.32 

0.16 
0.94 



tor con tabling a partial cDNA for human factor 
VIH, pl-"8TM. A merles of transections was act 
up using a decreasing amount of the plasmid*(40, 
4, U.5, and 0.1 ^g). INvt-.my-fnur hours post- 
transfusion, total DNA was purified from each 
flask uf celb. p-AUin gcuc quantity was chusci i an 
a value for normali/at i» m of genomic, DNA con- 
centration from each sample. In this cxpeuufcnt, 
(i-actin gene content should remain constant 
relative to coral genomic DNA. Figured shows Hjc 
result of the p-actln DNA measurement (100 ng 
total DNA determined by ultraviolet spectros- 
copy) of each sample. Kach sample was analyzed 
in triplicate and the mean p-actin Cy values of 
the triplicates were plotted (error bars represent 
r+?~t«iaf»ri Hwiaiiorn *l h*» htotwttr <lifffrrnrr 



Uetw^u any 1wo sample moans was C,- Ten 
nanograms of total DNA of «aeh sample were also 
examined fur p-aclln. llic results again .showed 
that very similar amounts of genomic DNA were 
present; the maximum mean f* actio C: x value 
difference wa.s 1 .0. As Figure 3 shows, the rate of 
P-actln C,. change bciwccn the 100 and 10-ng 
sajrmlc* was similar (slope values rang« bwrween 
3,56 and -3,45). This verifies again thai this 
method of sample preparation yields samples of 
Identical PCR integrity (i.e., no sample contained 
an excessive amount of a PCR Inhibitor). How* 
ever, these results Indicate that each sample con 
talned slight diffciehces in the actual amount of 
genumlc DNA analysed. Determination of actual 
Kuuomic ONA concentration was accomplished 
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Figure 2 Sample preparation purity. 1 he replicato 
samples shown In Table 7 wore also amplified in 
tripicate using 2S ng of each DMA sample. The fig- 
ui e show* die input DNA concentration (T 00 and 
25 ng) vs. C, In ih*» tipurp. ih*» lOO nnd 75 ng 
points for ctach sample are connected by a line. 



by plotting the mean fi-actio C k value obtained 
for each 100- llg sample on a ft-actin standard 
iruive (shown Ira Mm- 40). The actual genomic 
DNA concentration of each sumpta, was ob 
lalncd l>y extrapolation to thu X- 

Figure 4 A shows the measured (i.u., »»^' 
normalised) quantities of factor VJJJ plnftmid 
IWA'(pWM) from each of the four transient cell 
InmsfeeUons. Each reaction contained 100 rtff Of 
total sample DNA (as determined by UV spectrum 
copy). ivach sample was analyzed in triplicate 
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Figure % Analysis uf tiunsfectcd cell DNA quantity 
and purtty. I he DNA preparations of the- four 293 
ceil transactions (40, 4, 0.5, and 0.1 of pFSTM) 
were analysed for the 0-actln gene* 100 and 10 ng 
(determined by ultraviolet spectroscopy) of each 
sample were amplified in triplicate. For each 
amount of pF8TM that was transacted, the 0-actln 
C T values are plotted versus the total Input DNA 



PC* amplifications. As shown, pl'BTM purified 
,fttiic Jbe 2M cells decreases (mean C, values in- 
ctuu*<j with decreasing amounts of plasmld 
arunsii'Ucd- The mean C t values obtained for 
pFttTM in 'Figure 4A were plotted on a standard 
curve comprised uf scilally diluted pKHTM, 
shown m figure 4R. The quantity uJ pIKTM, h, 
found in each of the four transections was de 
termined by extrapolation to the * axil; of the 
standard curve in figure 4R. 'Ilutsc uncorrected 
values, h, for pWTTM were norma)) Aid to deter- 
mine the actual amount of pl'8'lM found per 100 
of genomic DNA by using Ihe equation:. 

/> X 10 0 ng actual pVWYWi copies oer 
Jl r 100 ng of genomic DNA 

where a actual -genomic DNA in u sample and 
b pFflTM copies from the standard curve. The 
normalised quantity of pl'BTM per 100 ng of ge- 
nomic DNA for cacti of the four trans feci ions Is 
shown in Figure 'Hi cm: rcsulls show thai the 
quantity of factor Vlll ptasiutU associated win* 
the 2.93 cellH, 21 Mr after truniifvctiuii, Uvx.iiMSeN 
with dccrcusliiK p)w^»»d uintAiiuiaUou used hi 
the traiisfct^ion. The quantity of pl : «TM assoei- 
atea wttii 293 cells, after trunsfectlon with 40 
of piasmid, was 35 pg per 100 ng genomic DNA 
This results in -520 plasuiid copies per ceil, 



WSCUSSJON 

We have described a new method for quanOtnt- 
hi£ gene copy numbers using fcaMimc analysts 
of PCJR amplification*. ReaMlmc PCK is compat- 
ible with cJthcr of tttc two PCK (KT-PCR) ap- 
proacho: <)) quantitative competitive where an 
UiteiJial cuitipelltor for each tarnet sequence is 
used for normalisation (data not shown) or (2) 
quantitative comparative PCK using a lujuualiza- 
tf on gene contained within the sample (i,e., (3-ac- 
tin) or a "housekeeping" gene for RT-PCK. Ff 
equal aoiounU of nucleic acid are analyzed for 
each saunplc and if the amplification effiticru.y 
before quantitative analysis is identical for each 
sample, the iTirernal coiiluil (noimali^tiou K L 'i K ' 
or competitor) should Rive equal signals for alJ 
snmplcs. 

The real-time PCK method offers several ad- 
vantages over the other two -methods currently 
employed (see the introduction). Mrst, the real- 
time PCR method is performed in a doscd-tube 
system and requires no post-PCR manipulation 
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Figure 4 Quantitative Analycic of pF8TM in transected cell*. (A) Amount of 
plasmid ONtA used for (he trunsfectlon plotted against uics mkhim C, value deter- 
min^d for pfSTM remaining 2>f hr after trantfection, <fl,C) Standard curves of 
pPRlM and 0-acdn, respectively. pr$TM DNA <ff) and genomic PNA (Q were 
dilutftd « Arlally 1 :5 before amplification with the appropriate primer*. The p-actin 
standard curve wa* used to normative the results of A to 1 00 r to of genomic DNA. 
(0) The amount of pF8TM present per 100 ng of genomic DNA. 



of sampk*. Therefore, |h<* poU'n ti«) for TCR con- 
tamination in the laboratory Is reduced because 
amplified products can Ik* analysed and disposed 
of without opening xtxv reaction tubes. Second, 
this method suppoxU the um; of si tiorm<i1ixtilk>iJ 
KCno (Lc., P-flctin) for quantitative. PCR or house- 
keeping genes for ouantitatlve RT-l'Ck controls. 
Analysis is performed in real time during the Jog 
phase of product accumulation. Analysis during 
k»K phase permit many different genes (over a 
wide input tar&ct range) to be analyzed simulta- 
neously, without concern of reaching react ton 
plateau at different cycles Tim will make uitilll- 
$cn« analysis assays much caMei to develop, bcr 
cause individual internal umipeiUui* will mil be 
needed for each gene under analysis. Third, 
sample throughput will nutcase di tuna I Rally 
with the hew method because there is no post- 
PCR processing time. Additionally, winking In a 
°6-wc)l format Is highly compatible with auto< 
iiiation technology. 

The real-time PCR method is highly repro- 
ducible. RepHcate. amplifications can be analyzed 



for each sample minimizing jKHcntlal error. The. 
system ;illuwv fc>r a very large assay dynamic 
range (approaching l,000,0<K)-fold starting tai- 
gel). Ualng u Mandord curve for the target oi in* 
tervst, relative copy number values can be deter- 
mined for any unknown sample, Fluorescent 
threshold values, C p contJair. linearly with rela- 
tive DNA copy numbers. Keal time quantitative 
KT-I'CK methodology (Glbstui et al v this Ijkma) 
ha.1 also been developed. Anally, real time quan- 
titative Vdl methodology can be used to develop 
high-throughput screening assay* for a variety of 
applications [quantitative gene c*f'ica;>iuii (RT- 
PCR), gene copy assays <ftcr2, II1V, etc), £cm> 
typlng (knockout mouse analysis), and humuiin- 

rcuj. 

Real-time PCR may al.to Ik: jxtrforrncd using 
intercalating dyes (Htgtichi et al- such as 

eihJdmm bromide. The fluorogenic probe 
method offers a mafor advantage over inter- 
calating dyes- greater spceifleity (i.e., primer 
dimvrs and nonspecific PCR products are not de- 
tmed). 
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METHODS 

Generation of <i Plasmld Containing a Partial 
cDNA Tor Human Factor VIII 

Total KNA w« harvested (UNAkoI to from Tol Ten, Inc., 
t»c.fidswood, TX) from w)l> I»<ut4fcctc<l with a factor VI II 
expression vector, pCrfS2.tk4&U (Katun vl id. IVttO; Cor. 
roan ct al. 1900), A factor VIII partial cMNA sequence WAS 

^■noTnu-d by irr K:ie [<;<*ncAmp la iTih ItNA WW Kit 
(pan NWMwn /y, ri£ Applied Uiosy&tcjns, Pom-i City, <;a>] 

using the P<:u jjiiujcfi FKfor *•««! 1 ! Rrev (nrinii-r Krrnieurel 
are shown below). Hit* ampHcon was reaniplifird lisinc. 
modified tflfor and Wrcv primers (appciulvd with Ham\\\ 
and f/rirdUl reslrlctlon *lrc. sequence* mi «hv V ondj and 
ClOtl«l Into ptiKM- 3Z (rromrgu Corp., MudwOO, Wl). The 
resulting clone, pPSTM, was used lor transient transfoctlon 
of 293 cells. 



Amplification of Target DNA and Dclcciion of 
Amplicpn Factor VIII Plasmid DNA 

(pVSTM) was amplified with the j«iw«.-i* 1'ttfor S'-CX-'C- 

<rm<;<;AAGAu:]UAt;inGT0'3' and i ; *rev .v-AAAccrr- 
t^ccxrraciAixitirAnci-^'.Hic rvrtciUm piodnevd « 

lip kc:k profile The forwurd priincr wo* de>lxned lo kv 
ogntxc u unique M'ljunuv found hi the 5' untranslated 
region of thu pa mil pClS2.tkZ5)> pluMnitl find therefore 
dova nut k'v.-m^uUa: and amplify ihc human factor VIII 
gem% I'rimnnt wo ro chosen with the avvivtaiirr> of I he com. 
pulcr program Oligo 1.0 (Nutimt;il Uiu.*iCionccs, lnvi f Ply. 
mouth, MN). The luiman p-actl« gene was amplified with 
tin: prlmo? 0-tu-tin forward primer 5' -TCACOOACAC TCP 
GCCCATCTAOOA^T and fi-actuj reverie piimer V-( IMU 

CGGAACCC:<rr<:Arix;<:c'-AA'j'CG-3'. The reaction pro- 
duced a 2V5hp rCk pmduct. 

Amplification reaction* (50 |xJ) contained a DNA 
sample, )0x PCK Buffer II f> pj), 200 *iM dATl\ dCTl\ 
dGrr, and *1tK> p,M rfUTP, 4 mx< MgCI,, 1.5W Units Ampll 
Tat) pna poiymciasc, 0,5 unit AmpKrnsv uracil rt-Riy- 
owyiujH- (UNO), &0 pinole of each faciei Vlll jtdinvi, nnd 15 
ptuoh* <rf ifttc.lt p Act In pi 1m «mt. 'Hut leaciUii^ t\ho iitmUlucd 

000 Of (he fp Mowing ^Irtcrtlmi pmlM^K (HMJ nu rprd): 

i^i>rt.*ii<. n'(KAM)Ac:fnYrjt:cuc:<rr<;frn , (rn v rcntrr- 

GCOTT(TAMRA)p 3' *utl p-«t-tin probe 5 f (FAM)ATUC«:C^ 
XC]*AMKA)CCCCr:ATGCCATGp-.l' whrrr p indicates 
pho^phofylAiinn nnd X indicates a linker arm nucleotide. 
Reaction HilH. a » w*n- MicmAmp Optienl TuIks (part AUA1* 
i.H-r NK01 OO.tX, Pcrkln iUntur) tliat worvfrciKUKl (it! IVrfcln 
FJrucr) to |>revcnl l!ghl from /c fleet I up. ')\ibc caps were 
similar m Mic*n>Auip C;nj>s but specially dcaiftiicd to pre- 
vent lift] il svutK*n*ts* AII <*l IHiU vUm/iuiiiuMi** wcra »vn«- 
r IU:a Ivy PK Applied IWotfyMeiio (IV>»U*r f!Wy, Ck) except 
thr fartor VIII primers, wlik*h weir xynthcslxrJ al Clenvn 

1 cell, Inc. (South f»t«i Francisco, CA). Prohev ww dcftJ^nc-d 
using the Olifco A.O software, following guUlclhicv wik- 
^csieo in tnc Model 7700 .sequence Pcurtor lii^uuiuv/il 
muiiual. HrlcHy, prube T m he a l least 5°C hltfhrr 
man ritt> amu*tithjK ivuip^'KHurc uicd during thrnnul cy- 
rlitig; primers should not Xunn hUUW duplex*** wiih ihe 
probe. 

The thermal fycllng cunditloivs Included 2 in In «it 
5U°C and 10 min al 95"C. 'llirainal cycling proceeded with 



rc-actioiu; were perfonned in th<» Model 770t)Nequcncv IV- 
trclor <I*I1 Applied Ulosyxlvuiv), which contains ji 0co< - 
Amp l*<:U Sy&tvm P600. Ucacllon cwidition« wcrf pro. 
ftrutlilltuU on *i K»w« Macint<t*h VI 00 (Apple CompnlPr, 
Soma Clara, C^V) linked diretily to the Model WOO 5U»- 
c)ucikv iXnector, AnalyvU of dLito w»v »titci |*M/»rrrwd on 
lUv M»»ilnt<*sh computer. Ollccttoii and jtnalydK cnfiw^ro 
w»y developed Ht fK Applk^ niCKynluniK. 



Ti amfection of Cells with Factor Vlll Construct 

Hour T17S Oasks of 293 cells (ATCXt OKI. 1573), a human 
fetal kidney suspension cell line, were $mwn to 80% con- 
lUieney *nA tranifccti'd ptKlM. Colli wore grown in tin* 
follnwliig mcdlAi S0% HAM'S v\2 wlthotil GHT, 50% low* 
glucose ]1itilK(XNi'rj modified Ka^e raediuni (UMICM) wlth- 
enn Rlydni! wiUi sodium faicairxwiate, 10% ietal bnvine 
scrum, 2 ium L-xJuUinlnc, and 1% penidUin-9trc|)iomy< 
tin. The media ww di»nfj«d 30 roln W*«- iransfee 
lion, piOTM DNA amounts of 40, 4, OA, and 0.1 were 
Milled it> ^.S ml of a solution containing 0.125 m C*CA 7 ; 
and 1 x IIM'US. The four mixtures wore left at rxwin ten*- 
pcrvtoTv f<« it) mln and tKeti atUk^l rfmpwlw to the cells. 
The flw>K> wvii-mcuUiled at 37°C*"an<l 5.% CO s for 24 hf. 
wuDhed with PUS, and riutuApcndcd 111 PllS. The rentm 
jn-mK^I cella were divided into (*lit|uoi?i und UNA WM ev- 
tmcted Inimedlutely uxi'iiK l« v QIAamp RUhkI Kit (Qi^f:en, 
aiauvrrorth, CA), ONA wos e.luted Into 200 lU o! 30 
1VU-II0J atpll H.0, 
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ABSTRACT Wnt family members are critical to many 
developmental processes, and components of the Wnt signal- 
ing pathway have been linked to tumorigenesis in familial and 
sporadic colon carcinomas. Here we report the identification 
of two genes, WISP-1 and WISP-2, that are up-regulated in the 
mouse mammary epithelial cell line C57MG transformed by 
Wnt-1, but not by Wnt-4. Together with a third related gene, 
WISP-3, these proteins define a subfamily of the connective 
tissue growth factor family. Two distinct systems demon- 
strated WISP induction to be associated with the expression of 
Wnt-1. These included (0 C57MG cells infected with a Wnt-1 
retroviral vector or expressing Wnt-1 under the control of a 
tetracylihe repressive promoter, and (ii) Wnt-1 transgenic 
mice. The WISP-1 gene was localized to human chromosome 
8q24.1-8q24.3. WISP-1 genomic DNA was amplified in colon 
cancer cell lines and in human colon tumors and its RNA 
overexpressed (2- to > 30-fold) in 84% of the tumors examined 
compared with patient-matched normal mucosa. WISPS 
mapped to chromosome 6q22-6q23 and also was overex- 
pressed (4- to > 4 0-fold) in 63% of the colon tumors analyzed. 
In contrast, WISP-2 mapped to human chromosome 20ql2- 
20ql3 and its DNA was amplified, but RNA expression was 
reduced (2- to >30-fold) in 79% of the tumors. These results 
suggest that the WISP genes may be downstream of Wnt-1 
signaling and that aberrant levels of WISP expression in colon 
cancer may play a role in colon tumorigenesis. 



Wnt-1 is a member of an expanding family of cysteine-rich, 
glycosylated signaling proteins that mediate diverse develop- 
mental processes such as the control of cell proliferation, 
adhesion, cell polarity, and the establishment of cell fates (1, 
2). Wnt-1 originally was identified as an oncogene activated by 
the insertion of mouse mammary tumor virus in virus-induced 
mammary adenocarcinomas (3, 4). Although Wnt-1 is not 
expressed in the normal mammary gland, expression of Wnt-1 
in transgenic mice causes mammary tumors (5). 

In mammalian cells, Wnt family members initiate signaling 
by binding to the seven-transmembrane spanning Frizzled 
receptors and recruiting the cytoplasmic protein Dishevelled 
(Dsh) to the cell membrane (1, 2, 6). Dsh then inhibits the 
kinase activity of the normally constitutively active glycogen 
synthase kinase-3j3 (GSK-30) resulting in an increase in 
/3-catenin levels. Stabilized /3-catenin interacts with the tran- 
scription factor TCF/Lef 1, forming a complex that appears in 
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the nucleus and binds TCF/Lef 1 target DNA elements to 
activate transcription (7, 8). Other experiments suggest that 
the adenomatous polyposis coli (APC) tumor suppressor gene 
also plays an important role in Wnt signaling by regulating 
0-catenin levels (9). APC is phosphorylated by GSK-3j3, binds 
to /3-catenin, and facilitates its degradation. Mutations in 
either APC or 0-catenin have been associated with colon 
carcinomas and melanomas, suggesting these mutations con- 
tribute to the development of these types of cancer, implicating 
the Wnt pathway in tumorigenesis (1). 

Although much has been learned about the Wnt signaling 
pathway over the past several years, only a few of the tran- 
scriptionally activated downstream components activated by 
Wnt have been characterized. Those that have been described 
cannot account for all of the diverse functions attributed to 
Wnt signaling. Among the candidate Wnt target genes are 
those encoding the nodal-related 3 gene, Xnr3, a member of 
the transforming growth factor (TGF)-/3 superfamily, and the 
homeobox genes, engrailed \goosecoid, twin (Xtwn), and siamois 
(2). A recent report also identifies c-myc as a target gene of the 
Wnt signaling pathway (10). 

To identify additional downstream genes in the Wnt signal- 
ing pathway that are relevant to the transformed cell pheno- 
type, we used a PCR-based cDNA subtraction strategy, sup- 
pression subtractive hybridization (SSH) (11), using RNA 
isolated from C57MG mouse mammary epithelial cells and 
C57MG cells stably transformed by a Wnt-1 retrovirus. Over- 
expression of Wnt-1 in this cell line is sufficient to induce a 
partially transformed phenotype, characterized by elongated 
and refractile cells that lose contact inhibition and form a 
multilayered array (12, 13). We reasoned that genes differen- 
tially expressed between these two cell lines might contribute 
to the transformed phenotype. 

In this paper, we describe the cloning and characterization 
of two genes up-regulated in Wnt-1 transformed cells, WISP-1 
and WISP-2, and a third related gene, WISP-3. The WISP genes 
are members of the CCN family of growth factors, which 
includes connective tissue growth factor (CTGF), Cyr61, and 
nov, a family not previously linked to Wnt signaling. 

MATERIALS AND METHODS 

SSH. SSH was performed by using the PCR-Select cDNA 
Subtraction Kit (CLONTECH). Tester double-stranded 

Abbreviations: TGF, transforming growth factor, CTGF, connective 
tissue growth factor; SSH, suppression subtractive hybridization; 
VWC, von Willebrand factor type C module. 
Data deposition: The sequences reported in this paper have been 
deposited in the Genbank database (accession nos. AF100777, 
AF100778, AF100779, AF100780, and AF100781). 
"TTo whom reprint requests should be addressed, e-mail: diane@gene. 
com. 
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cDNA was synthesized from 2 /xg of poly(A) + RNA isolated 
from the C57MG/Wnt-1 cell line and driver cDNA from 2 jig 
of poly(A) + RNA from the parent C57MG cells. The sub- 
tracted cDNA library was subcloned into a pGEM-T vector for 
further analysis. 

cDNA Library Screening. Clones encoding full-length 
mouse WlSP-1 were isolated by screening a AgtlO mouse 
embryo cDNA library (CLONTECH) with a 70-bp probe from 
the original partial clone 568 sequence corresponding to amino 
acids 128-169. Clones encoding full-length human WISP-1 
were isolated by screening AgtlO lung and fetal kidney cDNA 
libraries with the same probe at low stringency. Clones en- 
coding full-length mouse and human WlSP-2 were isolated by 
screening a C57MG/ Wnt-1 or human fetal lung cDNA library 
with a probe corresponding to nucleotides 1463-1512. Full- 
length cDNAs encoding WISP-3 were cloned from human 
bone marrow and fetal kidney libraries. 

Expression of Human WISP RNA. PCR amplification of 
first-strand cDNA was performed with human Multiple Tissue 
cDNA panels (CLONTECH) and 300 /xM of each dNTP at 
94°C for 1 sec, 62°C for 30 sec, 72°C for 1 min, for 22-32 cycles. 
WISP and glyceraldehyde-3-phosphate dehydrogenase primer 
sequences are available on request. 

In Situ Hybridization. 33 P-labeled sense and antisense ribo- 
probes were transcribed from an 897-bp PCR product corre- 
sponding to nucleotides 601-1440 of mouse WISP-1 or a 
294-bp PCR product corresponding to nucleotides 82-375 of 
mouse WlSP-2. All tissues were processed as described (40). 

Radiation Hybrid Mapping. Genomic DNA from each 
hybrid in the Stanford G3 and Genebridge4 Radiation Hybrid 
Panels (Research Genetics, Huntsville, AL) and human and 
hamster control DNAs were PCR-amplified, and the results 
were submitted to the Stanford or Massachusetts Institute of 
Technology web servers. 

Cell Lines, Tumors, and Mucosa Specimens. Tissue speci- 
mens were obtained from the Department of Pathology (Uni- 
versity of Pittsburgh) for patients undergoing colon resection 
and from the University of Leeds, United Kingdom. Genomic 
DNA was isolated (Qiagen) from the pooled blood of 10 
normal human donors, surgical specimens, and the following 
ATCC human cell lines: SW480, COLO 320DM, HT-29, 
WiDr, and SW403 (colon adenocarcinomas), SW620 (lymph 
node metastasis, colon adenocarcinoma), HCT 116 (colon 
carcinoma), SK-CO-1 (colon adenocarcinoma, ascites), and 
HM7 (a variant of ATCC colon adenocarcinoma cell line LS 
174T). DNA concentration was determined by using Hoechst 
dye 33258 intercalation f luorimetry. Total RNA was prepared 
by homogenization in 7 M GuSCN followed by centrifugation 
over CsCl cushions or prepared by using RNAzol. 

Gene Amplification and RNA Expression Analysts. Relative 
gene amplification and RNA expression of WISPs and c-myc in 
the cell lines, colorectal tumors, and normal mucosa were 
determined by quantitative PCR. Gene-specific primers and 
fluorogenic probes (sequences available on request) were 
designed and used to amplify and quantitate the genes. The 
relative gene copy number was derived by using the formula 
2 (Act) where ACt represents the difference in amplification 
cycles required to detect the WISP genes in peripheral blood 
lymphocyte DNA compared with colon tumor DNA or colon 
tumor RNA compared with normal mucosal RNA. The 
d-method was used for calculation of the SE of the gene copy 
number or RNA expression level. The W/S/Vspecific signal was 
normalized to that of the glyceraldehyde-3-phosphate dehy- 
drogenase housekeeping gene. AH TaqMan assay reagents 
were obtained from Perkin-Elmer Applied Biosys terns. 

RESULTS 

Isolation of WISP-1 and WISP-2 by SSH. To identify Wnt- 
l-inducible genes, we used the technique of SSH using the 



mouse mammary epithelial cell line C57MG and C57MG cells 
that stably express Wnt-1 (11). Candidate differentially ex- 
pressed cDNAs (1384 total) were sequenced. Thirty-nine 
percent of the sequences matched known genes or homo- 
logues, 32% matched expressed sequence tags, and 29% had 
no match. To confirm that the transcript was differentially 
expressed, semiquantitative reverse transcription-PCR and 
Northern analysis were performed by using mRNA from the 
C57MG and C57MG/ Wnt-1 cells. 

Two of the cDNAs, WISP-1 and WISP-2, were differentially 
expressed, being induced in the C57MG/Wnt-1 cell line, but 
not in the parent C5 7MG cells or C57MG cells overexpressing 
Wnt-4 (Fig. 1 A and B). Wnt-4, unlike Wnt-1, does not induce 
the morphological transformation of C57MG cells and has no 
effect on 0-catenin levels (13, 14). Expression of WISP-1 was 
up-regulated approximately 3-fold in the C57MG/Wnt-1 cell 
line and WISP 2 by approximately 5-fold by both Northern 
analysis and reverse transcription-PCR. 

An independent, but similar, system was used to examine 
WISP expression after Wnt-1 induction. C57MG cells express- 
ing the Wnt-1 gene under the control of a tetracycline- 
repressible promoter produce low amounts of Wnt-1 in the 
repressed state but show a strong induction of Wnt-1 mRNA 
and protein within 24 hr after tetracycline removal (8). The 
levels of Wnt-1 and WISP RNA isolated from these cells at 
various times after tetracycline removal were assessed by 
quantitative PCR. Strong induction of Wnt-1 mRNA was seen 
as early as 10 hr after tetracycline removal. Induction of WISP 
mRNA (2- to 6-fold) was seen at 48 and 72 hr (data not shown). 
These data support our previous observations that show that 
WISP induction is correlated with Wnt-1 expression. Because 
the induction is slow, occurring after approximately 48 hr, the 
induction of WISPs may be an indirect response to Wnt-1 
signaling. 

cDNA clones of human WISP-1 were isolated and the 
sequence compared with mouse WISP-L The cDNA sequences 
of mouse and human WISP-1 were 1,766 and 2,830 bp in length, 
respectively, and encode proteins of 367 aa, with predicted 
relative molecular masses of ^40,000 (M T 40 K). Both have 
hydrophobic N-terminal signal sequences, 38 conserved cys- 
teine residues, and four potential N-linked glycosylation sites 
and are 84% identical (Fig. 2/4). 

Full-length cDNA clones of mouse and human WISP-2 were 
1,734 and 1,293 bp in length, respectively, and encode proteins 
of 251 and 250 aa, respectively, with predicted relative molec- 
ular masses of **27,000 (Af r 27 K) (Fig. 2fl). Mouse and human 
WISP-2 are 73% identical. Human WISP-2 has no potential 
N-linked glycosylation sites, and mouse WISP-2 has one at 

CS7MQ 

Parent Wnt-1 Wffl-4 




Fig. 1. WISP-1 and WISP-2 are induced by Wnt-1, but not Wnt-4, 
expression in C57MG cells. Northern analysis of WISP-1 (A) and 
WISP-2 (B) expression in C57MG, C57MG/Wnt-1, and C57MG/ 
Wnt-4 cells. Poly(A) + RNA (2 jtg) was subjected to Northern blot 
analysis and hybridized with a 70-bp mouse WISP-1 -specific probe 
(amino acids 278-300) or a 190-bp WISP-2-specific probe (nucleotides 
1438-1627) in the 3' untranslated region. Blots were rehybridized with 
human 0-actin probe. 
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Fig. 2. Encoded amino acid sequence alignment of mouse and 
human WISP-1 (A) and mouse and human WISP-2 (B). The potential 
signal sequence, insulin-like growth factor-binding protein (IGF-BP), 
VWC, thrombospondin (TSP), and C-terminal (CT) domains are 
underlined. 

position 197. WISP-2 has 28 cysteine residues that are con- 
served among the 38 cysteines found in WISP-1. 

Identification of WISPS. To search for related proteins, we 
screened expressed sequence tag (EST) databases with the 
WISP-1 protein sequence and identified several ESTs as 
potentially related, sequences. We identified a homologous 
protein that we have called WISP-3. A full-length human 
WISP-3 cDNA of 1,371 bp was isolated corresponding to those 
ESTs that encode a 354 r aa protein with a predicted molecular 
mass of 39,293. WISP-3 has two potential N-linked glycosyl- 
ation sites and 36 cysteine residues. An alignment of the three 
human WISP proteins shows that WISP-1 and WISP-3 are the 
most similar (42% identity), whereas WISP-2 has 37% identity 
with WISP-1 and 32% identity with WISP-3 (Fig. 14). 

WISPs Are Homologous to the CTGF Family of Proteins. 
Human WISP-1, WISP-2, and WISP-3 are novel sequences; 
however, mouse WISP-1 is the same as the recently identified 
Elml gene. Elml is expressed in low, but not high, metastatic 
mouse melanoma cells, and suppresses the in vivo growth and 
metastatic potential of K-1735 mouse melanoma cells (15). 
Human and mouse WISP-2 are homologous to the recently 
described rat gene, rCop-1 (16). Significant homology (36- 
44%) was seen to the CCN family of growth factors. This family 
includes three members, CTGF, Cyr61, and the protoonco- 
gene nov. CTGF is a chemotactic and mitogen ic factor for 
fibroblasts that is implicated in wound healing and fibrotic 
disorders and is induced by TGF-j3 (17). Cyr61 is an extracel- 
lular matrix signaling molecule that promotes cell adhesion, 
proliferation, migration, angiogenesis, and tumor growth (18, 
19). nov (nephroblastoma overexpressed) is an immediate 
early gene associated with quiescence and found altered in 
Wilms tumors (20). The proteins of the CCN family share 
functional, but not sequence, . similarity to Wnt-1. All are 
secreted, cysteine-rich heparin binding glycoproteins that as- 
sociate with the cell surface and extracellular matrix. 

WISP proteins exhibit the modular architecture of the CCN 
family, characterized by four conserved cysteine-rich domains 
(Fig. 3B) (21). The N-terminal domain, which includes the first 
12 cysteine residues, contains a consensus sequence (GCGC- 
CXXC) conserved in most insulin-like growth factor (IGF)- 
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Fig. 3. (A) Encoded amino acid sequence alignment of human 
WISPs. The cysteine residues of WISP-1 and WISP-2 that are not 
present in WISP-3 are indicated with a dot. (B) Schematic represen- 
tation of the WISP proteins showing the domain structure and cysteine 
residues (vertical lines). The four cysteine residues in the VWC domain 
that are absent in WISP-3 are indicated with a dot. (C) Expression of 
WISP mRNA in human tissues. PCR was performed on human 
multiple-tissue cDNA panels (CLONTECH) from the indicated adult 
and fetal tissues. 

binding proteins (BP). This sequence is conserved in WISP-2 
and WISP-3, whereas WISP-1 has a glutamine in the third 
position instead of a glycine. CTGF recently has been shown 
to specifically bind IGF (22) and a truncated nov protein 
lacking the IGF-BP domain is oncogenic (23). The von Wil- 
lebrand factor type C module (VWC), also found in certain 
collagens and mucins, covers the next 10 cysteine residues, and 
is thought to participate in protein complex formation and 
oligomerization (24). The VWC domain of WISP-3 differs 
from all CCN family members described previously, in that it 
contains only six of the 10 cysteine residues (Fig. 3 A and B). 
A short variable region follows the VWC domain. The third 
module, the thrombospondin (TSP) domain is involved in 
binding to sulfated glycoconjugates and contains six cysteine 
residues and a conserved WSxCSxxCG motif first identified in 
thrombospondin (25). The C-terminal (CT) module contain- 
ing the remaining 10 cysteines is thought to be involved in 
dimerization and receptor binding (26). The CT domain is 
present in all CCN family members described to date but is 
absent in WISP-2 (Fig. 3 A and B). The existence of a putative 
signal sequence and the absence of a transmembrane domain 
suggest that WISPs are secreted proteins, an observation 
supported by an analysis of their expression and secretion from 
mammalian cell and baculovirus cultures (data not shown). 

Expression of WISP mRNA in Human Tissues. Tissue- 
specific expression of human WISPs was characterized by PCR 
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analysis on adult and fetal multiple tissue cDNA panels. 
WISP-1 expression was seen in the adult heart, kidney, lung, 
pancreas, placenta, ovary, small intestine, and spleen (Fig. 3C). 
Little or no expression was detected in the brain, liver, skeletal 
muscle, colon, peripheral blood leukocytes, prostate, testis, or 
thymus. WISP-2 had a more restricted tissue expression and 
was detected in adult skeletal muscle, colon, ovary, and fetal 
lung. Predominant expression of WISPS was seen in adult 
kidney and testis and fetal kidney. Lower levels of WISPS 
expression were detected in placenta, ovary, prostate, and 
small intestine. 

In Situ Localization of WISP-1 and WISP-2. Expression of 
WISP-1 and WISP-2 was assessed by in situ hybridization in 
mammary tumors from Wnt-1 transgenic mice. Strong expres- 
sion of WISP-1 was observed in stromal fibroblasts lying within 
the fibrovascular tumor stroma (Fig. 4 A-D). However, low- 
level WISP-1 expression also was observed focally within tumor 
cells (data not shown). No expression was observed in normal 
breast. Like WISP-1, WISP-2 expression also was seen in the 
tumor stroma in breast tumors from Wnt-1 transgenic animals 
(Fig. 4 £-//). However, WISP-2 expression in the stroma was 
in spindle-shaped cells adjacent to capillary vessels, whereas 




Fig. 4. (A, C, £, and G) Representative hematoxylin/eosin-stained 
images from breast tumors in Wnt-1 transgenic mice. The correspond- 
ing dark-field images showing WISP-1 expression are shown in B and 
D. The tumor is a moderately well-differentiated adenocarcinoma 
showing evidence of adenoid cystic change. At low power (A and fl), 
expression of WISP-1 is seen in the delicate branching fibrovascular 
tumor stroma (arrowhead). At higher magnification, expression is seen 
in the stromal(s) fibroblasts (C and D), and tumor cells are negative. 
Focal expression of WISP-1, however, was observed in tumor cells in 
some areas. Images of WISP-2 expression are shown in E-H. At low 
power (E and F), expression of WISP-2 is seen in cells lying within the 
fibrovascular tumor stroma. At higher magnification, these cells 
appeared to be adjacent to capillary vessels whereas tumor cells are 
negative (G and H) 



the predominant cell type expressing WISP-1 was the stromal 
fibroblasts. 

Chromosome Localization of the WISP Genes. The chro- 
mosomal location of the human WISP genes was determined 
by radiation hybrid mapping panels. WISP-1 is approximately 
3.48 cR from the meiotic marker AFM259xc5 [logarithm of 
odds (lod) score 16.31] on chromosome 8q24.1 to 8q24.3, in the 
same region as the human locus of the novH family member 
(27) and roughly 4 Mbs distal to c-myc (28), Preliminary Fine 
mapping indicates that WISP-1 is located near D8S1712 STS. 
WISP-2 is linked to the marker SHGC-33922 (lod = 1,000) on 
chromosome 20ql2-20ql3.1. Human WISPS mapped to chro- 
mosome 6q22-6q23 and is linked to the marker AFM211ze5 
(lod = 1,000). WISPS is approximately 18 Mbs proximal to 
CTGF and 23 Mbs proximal to the human cellular oncogene 
MYB {21, 29). 

Amplification and Aberrant Expression of WISPs in Human 
Colon Tumors. Amplification of protooncogenes is seen in 
many human tumors and has etiological and prognostic sig- 
nificance. For example, in a variety of tumor types, c-myc 
amplification has been associated with malignant progression, 
and poor prognosis (30). Because WISP-1 resides in the same 
general chromosomal location (8q24) as c-myc, we asked 
whether it was a target of gene amplification, and, if so, 
whether this amplification was independent of the c-myc locus. 
Genomic DNA from human colon cancer cell lines was 
assessed by quantitative PCR and Southern blot analysis. (Fig. 
5 A and B). Both methods detected similar degrees of WISP-1 
amplification. Most cell lines showed significant (2- to 4-fold) 
amplification, with the HT-29 and WiDr cell lines demonstrat- 
ing an 8-fold increase. Significantly, the pattern of amplifica- 
tion observed did not correlate with that observed for c-myc, 
indicating that the c-myc gene is not part of the arnplicon that 
involves the WISP-1 locus. 

We next examined whether the WISP genes were amplified 
in a panel of 25 primary human colon adenocarcinomas. The 
relative WISP gene copy number in each colon tumor DNA 
was compared with pooled normal DNA from 10 donors by 
quantitative PCR (Fig. 6). The copy number of WISP-1 and 
WISP-2 was significantly greater than one, approximately 
2-fold for WISP-1 in about 60% of the tumors and 2- to 4-fold 
for WISP-2 in 92% of the tumors (P < 0.001 for each). The 
copy number for WISPS was indistinguishable from one (P = 
0.166). In addition, the copy number of WISP-2 was signifi- 
cantly higher than that of WISP-1 (P < 0.001). 

The levels of WISP transcripts in RNA isolated from 19 
adenocarcinomas and their matched normal mucosa were 




Fig. 5. Amplification of WISP-1 genomic DNA in colon cancer cell 
lines. (A) Amplification in cell line DNA was determined by qua 
tative PCR. (B) Southern blots containing genomic DNA 
digested with EcoRl (WISP-1) or Xbal (c-myc) were hybri " 
a 100-bp human WISP-1 probe (amino acids 186-219 
c-myc probe (located at bp 1901-2000) The WISP 
detected in normal human genomic DNA afl 
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Fig. 6. Genomic amplification of WISP genes in human colon 
tumors. The relative gene copy number of the WISP genes in 25 
adenocarcinomas was assayed by quantitative PCR, by comparing 
DNA from primary human tumors with pooled DNA from 10 healthy 
donors. The data are means ± SEM from one experiment done in 
triplicate. The experiment was repeated at least three times. 

assessed by quantitative PCR (Fig. 7). The level of WISP-1 
RNA present in tumor tissue varied but was significantly 
increased (2- to > 25-fold) in 84% (16/19) of the human colon 
tumors examined compared with normal adjacent mucosa. 
Four of 19 tumors showed greater than 10-fold overexpression. 
In contrast, in 79% (15/19) of the tumors examined, WISP-2 
RNA expression was significantly lower in the tumor than the 
mucosa. Similar to WISP-1, WISPS RNA was overexpressed in 
63% (12/19) of the colon tumors compared with the normal 
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Fig. 7. WISP RNA expression in primary human colon tumors 
relative to expression in normal mucosa from the same patient. 
Expression of WISP mRNA in 19 adenocarcinomas was assayed by 
quantitative PCR. The Dukes stage of the tumor is listed under the 
sample number. The data are means ± SEM from one experiment 
done in triplicate. The experiment was repeated at least twice. 



mucosa. The amount of overexpression of WISPS ranged from 
4- to >40-fold. 

DISCUSSION 

One approach to understanding the molecular basis of cancer 
is to identify differences in gene expression between cancer 
cells and normal cells. Strategies based on assumptions that 
steady-state mRNA levels will differ between normal and 
malignant cells have been used to clone differentially ex- 
pressed genes (31). We have used a PCR-based selection 
strategy, SSH, to identify genes selectively expressed in 
C57MG mouse mammary epithelial cells transformed by 
Wnt-1. 

Three of the genes isolated, WISP-1, WISP-2, and WISP-3, 
are members of the CCN family of growth factors, which 
includes CTGF, Cyr61, and nov, a family not previously linked 
to Wnt signaling. 

Two independent experimental systems demonstrated that 
WISP induction was associated with the expression of Wnt-1. 
The first was C57MG cells infected with a Wnt-1 retroviral 
vector or C57MG cells expressing Wnt-1 under the control of 
a tetracyline-repressible promoter, and the second was in 
Wnt-1 transgenic mice, where breast tissue expresses Wnt-1, 
whereas normal breast tissue does not. No WISP RNA expres- 
sion was detected in mammary tumors induced by polyoma 
virus middle T antigen (data not shown). These data suggest 
a link between Wnt-1 and WISPs in that in these two situations, 
WISP induction was correlated with Wnt-1 expression. 

It is not clear whether the WISPs are directly or indirectly 
induced by the downstream components of the Wnt-1 signaling 
pathway (i.e., 0-catenin-TCF-l/Lefl). The increased levels of 
WISP RNA were measured in Wnt-1 -transformed cells, hours 
or days after Wnt-1 transformation. Thus, WISP expression 
could result from Wnt-1 signaling directly through 0-catenin 
transcription factor regulation or alternatively through Wnt-1 
signaling turning on a transcription factor, which in turn 
regulates WISPs. 

The WISPs define an additional subfamily of the CCN family 
of growth factors. One striking difference observed in the 
protein sequence of WISP-2 is the absence of a CT domain, 
which is present in CTGF, Cyr61, nov, WISP-1, and WISP-3. 
This domain is thought to be involved in receptor binding and 
dimerization. Growth factors, such as TGF-/3, platelet-derived 
growth factor, and nerve growth factor, which contain a cystine 
knot motif exist as dimers (32). It is tempting to speculate that 
WISP-1 and WISP-3 may exist as dimers, whereas WISP-2 
exists as a monomer. If the CT domain is also important for 
receptor binding, WISP-2 may bind its receptor through a 
different region of the molecule than the other CCN family 
members. No specific receptors have been identified for CTGF 
or nov. A recent report has shown that integrin a v /3 3 serves as 
an adhesion receptor for Cyr61 (33). 

The strong expression of WISP-1 and WISP-2 in cells lying 
within the fibrovascular tumor stroma in breast tumors from 
Wnt-1 transgenic animals is consistent with previous obser- 
vations that transcripts for the related CTGF gene are pri- 
marily expressed in the fibrous stroma of mammary tumors 
(34). Epithelial cells are thought to control the proliferation of 
connective tissue stroma in mammary tumors by a cascade of 
growth factor signals similar to that controlling connective 
tissue formation during wound repair. It has been proposed 
that mammary tumor cells or inflammatory cells at the tumor 
interstitial interface secrete TGF-01, which is the stimulus for 
stromal proliferation (34). TGF-/31 is secreted by a large 
percentage of malignant breast tumors and may be one of the 
growth factors that stimulates the production of CTGF and 
WISPs in the stroma. 

It was of interest that WISP-1 and WISP-2 expression was 
observed in the stromal cells that surrounded the tumor cells 
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(epithelial cells) in the Wnt-1 transgenic mouse sections of 
breast tissue. This finding suggests that paracrine signaling 
could occur in which the stromal cells could supply WISP-1 and 
WISP-2 to regulate tumor cell growth on the WISP extracel- 
lular matrix. Stromal cell-derived factors in the extracellular 
matrix have been postulated to play a role in tumor cell 
migration and proliferation (35). The localization of WISP-1 
and WISP-2 in the stromal cells of breast tumors supports this 
paracrine model. 

An analysis of WISP-1 gene amplification and expression in 
human colon tumors showed a correlation between DNA 
amplification and overexpression, whereas overexpression of 
WISP-3 RNA was seen in the absence of DNA amplification. 
In contrast, WISP-2 DNA was amplified in the colon tumors, 
but its mRNA expression was significantly reduced in the 
majority of tumors compared with the expression in normal 
colonic mucosa from the same patient. The gene for human 
WISP-2 was localized to chromosome 20ql2-20ql3, at a region 
frequently amplified and associated with poor prognosis in 
node negative breast cancer and many colon cancers, suggest- 
ing the existence of one or more oncogenes at this locus 
(36-38). Because the center of the 20ql3 amplicon has not yet 
been identified, it is possible that the apparent amplification 
observed for WISP-2 may be caused by another gene in this 
amplicon. 

A recent manuscript on rCop-1, the rat orthologue of 
WISP-2, describes the loss of expression of this gene after cell 
transformation, suggesting it may be a negative regulator of 
growth in cell lines (16). Although the mechanism by which 
WISP-2 RNA expression is down-regulated during malignant 
transformation is unknown, the reduced expression of WISP-2 
in colon tumors and cell lines suggests that it may function as 
a tumor suppressor. These results show that the WISP genes 
are aberrantly expressed in colon cancer and suggest that their 
altered expression may confer selective growth advantage to 
the tumor. 

Members of the Wnt signaling pathway have been impli- 
cated in the pathogenesis of colon cancer, breast cancer, and 
melanoma, including the tumor suppressor gene adenomatous 
polyposis coli and /3-catenin (39). Mutations in specific regions 
of either gene can cause the stabilization and accumulation of 
cytoplasmic 0-catenin, which presumably contributes to hu- 
man carcinogenesis through the activation of target genes such 
as the WISPs. Although the mechanism by which Wnt-1 
transforms cells and induces tumorigenesis is unknown, the 
identification of WISPs as genes that may be regulated down- 
stream of Wnt-1 in C57MG cells suggests they could be 
important mediators of Wnt-1 transformation. The amplifica- 
tion and altered expression patterns of the WISPs in human 
colon tumors may indicate an important role for these genes 
in tumor development. . 
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Wc have developed a novel "real time" quantitative PCR method. The method measures PCR product 
accumulation through a duaMaheled riuorosenlc probe {Lc* TaqMan Prob*), This method provides vjrjf 
accurate and reproduce quantitation of gene copies. Unlike other quantitative PCR methods, real-lime PCR 
does nor require poa-PCR sample handling* preventing potential PCR product carryover contamination and 
resulting In much faster and higher throughput assays. The n»Mhv* PCR method has a very large dynamic 
range of starting target molecule determination (at least five orders of -magnitude). Real-lime quantitative 
PCR b extremely accurate and less labor-intensive than current quantitative PCR methods* 



Quantitative nucleic acid sequence analysis Has 
had an important role in many fields of biologi- 
cal research. Measurement of gene expression 
(UNA) has bean used extensively In monitoring 
biological responses to various stimuli Clan el al, 
1994; Huang el al. I99$a,b; Prud'homme et al. 
1995), Quantitative gene analysis (DNA) has 
iHt-ii used to determine the genome quantity of a 
particular gene, as in the cascot the human HER2 
gene, which Is amplified in -30% of breast tu- 
mors (Slanion et al. 1987). Gene and genome 
quantitation (UNA and UNA) also have been used 
for analysis of human immunodeficiency virus 
(IIJV) burden demonstrating changes in the lev- 
els of virus throughout the different phases of the 
disease (Connor et al. 1993; PJatak et al, jyv.sh; 
Pintado et al. 1995). 

Many methods have been described for the. 
quantitative analysis ot nucleic acid sequences 
(both for UNA and DNA; Southern 1 V/6; Sharp et 
al. 1980; Thomas 1980). Recently, PCR has 
proven to be a powerful tool for quantitative 
nucleic acid analysis. PCR and reverse transcrip- 
tase (K'0-PCR have permitted the analysis of 
minimal starting quantities of nucleic acid (as 
little as one tell equivalent). This has made pos- 
sible many experiments that could not hove, been 
performed with traditional methods. Although 
PCR has provided a |>owcrful tool, U is imperative 
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that H be uwl properly for quantitation (U»«y- 
maekers 1995). Many early reports of quantita- 
tive. PCR and RT-PCR described quantitation of 
the PCR product but did not measure the initial 
target sequence quantity. It is essential to design 
proper controls for the quantitation of the initial 
target sequences (Perrc 1992; Clementl el al. 
100?) 

Kvstarchcis have., developed several methods 
of quantitative PCR and RT-PCR, One approach 
measures PCR product quantity in the lug phase 
of the reiuilon before the plateau (Kellogg et al. 
1990; Pang ct al, 1990). This method requires 
thai each sample has equal input amounts of 
nucleic add and that each sample under analysis 
amplifies with identical efficiency up to the. point 
of quantitative analysis. A gene sequence -(con- 
tained in all samples at relatively constant quan- 
Ututt, such as p-actln) can be used for sampta 
amplification efficiency normalization. Using 
conventional methods of PCR detection and 
quantitation (gel electrophoresis or plate capture 
hybridization), it is extremely laborious to assure 
that all samples are analyzed during the log phase 
of the reaction (for l>olh the taTgel gene and the 
normalization gene). Another method, quantita- 
tive competitive (QQ'RCR, has l>een developed 
and Is used widely for PCR quantitation. QC-PCR 
n:lics on the inclusion of an internal control 
competitor in each reaction (Bockcr-Andrc 1991; 
Hatak ct al. 1 W3*,l>). The efficiency of each re- 
action Is normalized to the internal competitor* 
a tnnwn amount of Internal competitor can be 
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added to each cample. To obtain relative ruiani- 
ration, the unknown target PGR product is com- 
pared with the known competitor i'CM product. 
.Success of a quantitative competitive VCli assay 
relies on developing an Internal control (hoi am- 
plify with the same efficiency as the uugvt mol- 
ecule. The design of- the coiupctltoi and the vali- 
dation of amplification efficienc-iea, jequire a 
dedicated effort. However, because QC-I^R docs 
not require I hut POtt pi indicts be .analyzed during 
the Jot; phase of the. amplification, it is tin: easier 
uf tin; two methods to use. 

Seven! I detection Kystcius aic usvd for quan 
Utative PCR ami RT-Pc:i* analysis: (1) ayiiro.se 
&cls, (2) Xluorcsceut labeling of PCR products nnd 
detection with In.Mrr-inducrd fluorescence US1I)£ 
capillar)' elcctrophorvsir* (husco ct ah 1995- Wil- 
liams ei al. 1 996) or acrylaniide gels, and (3) plate 
capture, and sandwich probe hybrid f/41 ion (Mul- 
der et ah 1994). Although these "ivOkhIn pruvttd 
successful, each method Tequlrcs posl-PCR ma- 
nipulations That add time to the analysis and 
nitty lead lu htbuiatuiy *■ outrun nation, The 
sample throughput of these method?* i* limited 
(with the i-xc.cpilon of the plate capture ap- 
proach)* ami, tlivmfuri-., these methods arc not 
well >uitrd fin u.nc* dcm<«ndjn£ high sojnplc 
throughput (i.e., screening of large numbers of 

l'Iox<iwlct.uUr:> wi analysing SAinplea i\« diagnu;*' 
Ucs or clinical trials). 

Here wc report the development of ;i novel 
iiotay for quantitative IWA analysis. The assay is 
based on lhe mr. of the S f nuclease assay first 
described by Holland et al. (1993). The method 
uses ihe. 5' nuclease activity of 7W</ polymerase to 
cleave a noncxtcndlblc hybridization prol>c dur- 
ing tbr extension phase of I'GU- The approach 
uses dual-labeled fluorogenic hybridization 
probes (Lcc ct a). 19*3; Jlasstar ct a). 1995; llvak 
et al. l$9£o # b). One fluorescent dyv nerves as n 
reporter IFAM (i.e., 6-carboxynuorv?secin)| and its 
emission spectra is quenched by the second fluo- 
rescent dye, TAMRA (I.e., o-carboxy-tetra methyl- 
rhodaminc). Tlic nuclease degradation of the hy- 
hrldi/Jitton probe releases the quenching of the 
I'AM fluorescent emission, resulting in an In- 
crease hi peak fluorescent emission at Sltt mn, 
Hie use Of a sequence detector (Am Prism) allows 
measurement of Huorescent sinxtra of all 96 wells 
of the thermal cyclcc continuously during the 
1*C;h amplification. Therefore, tiie rcucUons ore 
monitored in real lime. The output data is de- 
scribed and qiuimiTailYc analysis of Input target 
I )N A sequences is discussed below. 
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RESULT?* 

PCR Product Derection in Real Time 

The goal was to develop a high-throughput, sen- 
sitive, and accurate gene quantitation assay for 
use in mcmltorlng Upid mediated therapeutic 
gene delivery. A plasmld encoding human factor 
VIII gene sequence, pVSTM (sec. Methods). w;is 
used as a model ihcrapcutic gune. The assay use* 
flunre%ccnt Taqman methodology and an instru- 
ment capable of measuring fluorescence in real 
time (AM Prism 7700 .Sequence Detector). Hie 
Taqman reaction requires a hybridization probe 
IttlKled with two different fluorescent dyes. One 
dye Is a reporter dyv (1 ; AM), the other ix x quench- 
ing dye (TAMRA). When the proln: \s intact, fluo* 
i esc cnl 'energy transfer occurs and the reporter 
dye fluorescent emission is absorbed by the 
quenching dye (TAMRA). During the extension 
phase of the PCK cycle, the fluorescent hybrid- 
l/jnion pmi>c is cleaved by the 5'-'P nucleolytic 
activity of thr. DNA polymerase. On cleavage of 
the probe, the reporter dye emission is no longer 
transferred efficiently to Uie quenching dye, re 
suhhiK hi tin Increase of the reporter dyo fluorcit- 
CC>nt eini.f.Hlon Mj>ectra. PGR primers mid |>robuN 
vrert,' de>ignttd fo< I lie iiuman factor VJ1I se- 
quence and human p-actln gene (ux diMCnl>ed in 
McthcxU). Optimization reactions were per- 
formed to choose the appropriate probe und 
magnesium concentration* yielding the highest 
Intensity of reporter fluorescent signal without 
sacrificing specificity. The Instrument uses a 
chaise-coupled device (i.e.. CCD camera) for 
measuring the fluorescent emission apeetm from 
SOO to r,$0 niti. ICach. VCAX tube was monitored 
seijuentially for 25 msec- with continuous moni- 
toring throughout tht: aui|iIifici.ttK>ii. UftCh tube 
wos rc-cxart dried every B.5 sec. Computer s<>ft- 
wart*, whs da-signed to examinr the fl\i ore scent Jji- 
tensity of both the reporter dye (I'AM) and 
the quenching dye (TAMRA). The fluorescent 
intensity of the quenching dye, TAMUA, change? 
very little, over the course of the PCR ampHfU 
cation (data not shown). Therefore, the intensity 
of TAM11A dye emission serves as an Internal 
standard with which lo nonnulbwi the reporter 
dyit (FAM) emission variations. T1>e software cal- 
culate a value termed ARn (or AftQ) usln^; the 
following equation: Afcn - (lui J ) (Rn")* where 
}<i\ A emission intensity i*f rc|Xurtcr/cinlssion in- 
tensity of quencher at any given time In a reae 
tion lube, and Ru r- emission intensility of Tt*- 
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poncr/V.mlSSlOI) Ititcmity wf quencher measured 
prior 10 TCK umplilication in that same reaction 
tube. For the purpose of quantitation, the lasi 
three data jjoints (ARns) collected during the 
teiiKiOii step for each IK'M cycle were analyzed. 
The mucolytic degradation of the. Hybridization 
probe occurs during the extension phase or I'tat, 
and, therefore, reporter fluorescent vmuMun in- 
creases during this time. Hie tluec data polmn 
were averaged for each KJK cycle and the mean 
value for each was plotted in an "amplification 
plot" shown in WflurC 1 A. The AKn mean value is 
plotted on the j^axls, and time, represented by 
cycle number, is plotted on the.x-axis. During tht 
early cycles «f (he VCR amplification, tin- ARn 



value remains at base line When xufficiCM hy- 
bridization probe has been cleaved by the Tmj 
polymerase ouflftAtt activity, the intensity of re- 
porter fhit»m*ccni emission Increase*. \4ost \>C)\ 
ainplifivfrWons reach a plateau phawe of reporter 
fJuurvH\»il omission if the reHulitwi Is carried out 
to high cycle uujiiIwi*. The amplification plot it 
examined eaiJy ill tht* reaction, at a point that 
icprcsonts the log phase of produd »rnnnula» 
tion. This Is done by assigning an aibiljiuy 
ihrcshoJd thai is based on the variability of the 
base-line dula. In Figure 1 A, the threshold wAs set 
at It) standard deviation* above the mean of 
base line enii»*Kiu calculated from tydo 1 lo 1 5. 
Once the threshold is chosen, the point at which 
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Figure 1 PCR product detection in real time. (A) The Model 7700 *ottware wilt construct amplification rplots 
from the extension phase fluorescent emission data collected during the PCR amplification. The standard de- 
viation is determined 1rom the data points collected from the base line of the amplification plot q .values are 
calculated by determining the point at which the fluorescence exceeds a threshold limit (usually 10 times the 
standard deviation of the base line). (B) Overlay ot amplification plots of serially (1:2) diluted human 9*™™- 
ONA samples amplified with ft-actin primers. (Q Input DNA concentration of the samples plotted versus <~t- aii 
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the amplification plot crossed the ihrcsholdivtlc* 
fined as C,, C, is reported us the cycle number ;ii 
.this point. Ar will be demoiulrutcul, lh« C, value 
lit pi edict) ve of ihc quantity of input target. 

Cj Values Provide a Quantitative Measurement' o>' 
Input Target Sequences 

Plgurc IB shows amplification plot* of iWh'ff ext- 
ent PCR amplifications overlaid. 'ITic Amplifici* 
tions were performed on a 1:2 serial dilutions 
human genomic J WA. Jtic amplified targol 
human p octln* The amplification plotu Kliifl to 
the right (to higher threshold cycles) ns the input 
target quantity te reduced. 'iT>i£ is expected ho 
mum nwettonK with fewer starting copitts of the 
target molecule require greater amplification to 
degrade enough probe to attain the Threshold 
fluorescence. An arbitrary threshold of )0 stan- 
dard deviations above the base line was used to 
determine the O r values. Figure 1C represents the 
C r values plotted versus the sample dilution 
value, Each dilution was amplified in triplicate 
Pf :« amplifications and plotted as mean values 
with error bars representing one standard devia- 
tion . The G T values decrease- linearly wjth increas- 
ing target quantity, Thus, O, value.* can be used 
as a quantitative measurement of the input target 
number. It should be noted that the amplifica- 
tion plot for the 15*6»ng sample shown In Figure 
1H does not reflect the same fluorescent rate of 
Increase exhibited by most of the other samples. 
The 15,6-ng sample also achieves endix>int pla- 
teau at a lower fluorescent value than would he 
expected leased on the input UNA, This phenom- 
enon has been observed occasionally with other 
samples (data not shown) and may be attribut- 
able to late cycle inhibition; this hypothesis it* 
sill! under investigation. It is important to note 
that the flattened slope and early plateau do not 
impact significantly the calculated O, value us 
demonstrated by the fll on Ihe line shown In 
Figure. 1 C, All triplicate amplifications resulted in 
very similar Cr values— the standard deviation 
did not exceed 0.5 for any dilution. This experi- 
ment contains a >100,0G0-fold range of input tar- 
get molecule*. Using G r vahics for quantitation 
permits a much larger assay range than directly 
using total fluorescent emission intensity for 
quantitation. The. linear range ol lluorcsccni in- 
tensity measurement of ihe AIM Prism 7700 Sc- 
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merit* over a very large T;m{»<» of relative* cmtlng 
target quantities. 

Sample Preparation Validation 

Several parameters influence the ofllcUnry nf 
PC:R amplification: magnesium and salt concern- 
nations, reaction conditions (i.e., time «nd tem- 
perature), PCU target size and composition, 
primer sequences, and sample purity. All of the 
.above factors are common to a single PCR assay, 
except sample to sample purity. In an effort to 
validate the. method of sample preparation for 
the iaclor Viil assay, PCR amplification reproduc- 
ibility and efficiency ol JO replicate sample 
prestations were examined. After genomic DNA 
was prepared from the 10 replicate samples, the 
DNA was quanUiatcd by ultraviolet spectroscopy. 
Amplifications were performed analyzing p-aciln 
gum: content ill 100 and 25 »g of total genomic 
UNA. Each PCR amplification was performed in 
triplicate. Comparison of C r values for each trip, 
iicate sample show minimal variation based on 
standard deviation and coefficient of variance 
(Table 1). Iliercfore, each ol the triplicate PCU 
amplifications was highly reproducible, demon- 
strating that real time PCR using this instrumen- 
tation introduces minimal variation Into the 
quantitative. J'CR analysis. Comparison of the 
mean (J, values of the 10 replicate sample prepa- 
rations also showed minimal variability, indicat- 
ing that each sample preparation yielded similar 
results for p-acttn gene quantity. The highest 
difference between any of the samples was 0.85 
and 0.7] for the 100 and 25 ng samples, respec- 
tively. Additionally, the amplification of each 
sample exhibited an equivalent rate of fluores- 
cent emission intensity change per amount of 
DNA target analyzed as indicated by similar 
slope* derived from Ihc sample dilutions (Fig. 2). 
Any sample containing an excess of a PCK inhibi- 
tor would exhibit a greater measured (B-actin C r 
value for a given quantity of DNA. in addition, 
the inhibitor would be diluted along with Ihe. 
sample in the dilution analysis (H«. Z), altering 
the expected Cr value change. Each sample am- 
plification yielded a similar result in the analysis, 
demonstrating that this method of sample prepa- 
ration is highly reproducible with regard to 
sample purity* 

Quantitative Analvsis of a Plasmid After 
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Table 1 . Reproducibility of Sample Preparation Method 



100 ng 



25 ng 



1 
2 
3 
4 
5 
6 
7 

a 

9 
10 

Mean 



Samplo 

no. Cr 



standard 
rn^an deviation 



CV 



18.24 
18.23 

18.33 

18.35 

1M4 

18.3 

18.3 

18.42 

18.15 

18.23 

18.32 

18.4 

18.38 

18.46 

18.54 

18.67 

19 

18.2B 

18.36 

18-52 

18.45 

18.7 

18.73 

18.18 

18.34 

18.26 

18.42 

18.57 

i b.66 

(1 10) 



10.27 

18.34 
18.23 



0.06 



0.06 



0.07 



0.08 



18.-12 0.04 



18.74 0.24 



18,39 0.12 



18.63 0.16 



18.29 0.1 



18.42 



0.12 
0.17 



0.32 
03? 
0.36 

0.46 

0,23 

1.26 

0.66 

0.83 

0,55 

0.65 
0,90 



20.48 

20.55 

20.5 

20.61 

20.59 

20.41 

20.54 

20.6 

20.49 

20.48 

20,44 

20.38 

20.68 

20.87 

20.63 

21,09 

21.04 

21.04 

20.67 

20.73 

20.6S 

20,98 
20.84 
20.75 
20,46 
20.54 
20.48 
20.79 
20.78 
20.62 



mean 

20.51 
70.54 
20.54 
20.43 



20.86 

20.51 

20.73 
20.66 



standard 
deviation 



0.03 
0.11 
0.06 
0.05 



20.73 0.1 3 



21.06 0.03 



20.68 0.04 



0.12 
0,07 

0,1 
0.19 



CV 

0.17 

0.54 

0.28 

0.26 

0.61 

0.15 

0.2 

0.57 

0.32 

0.46 
0.94 



(or containing a partial cDNA for human factor 
vill, pi-8TM. A scries of transections was set 
up using a decreasing amount of the plasmid^O, 
4, 0.5, and O.l ng). 1\vtMl)y-lYnir hours posi- 
trons fee lion, total DNA was purified fmm-carh 
flask uKrlb. p-Aclin genr quantity was chosen as 
a value for nor moli/^tl iwn of ^.uoHiic. ON A con- 
centration from each saiuukvhi this expedient, 
p-achn gene content should remain constant 
relative to total genomic DNA. Figure 3 shows the 
result of the p-actln DNA measurement (100 jig 
total DNA determined by ultraviolet spectros- 
copy) Of each sample- Kaeh sample was analyzed 
in triplicate and the mean p-actin Cy values of 
the triplicates were, plotted (error bars represent 
a,«a f*wii««i dwiaitnni 'lrw» hlotww niffrrenrr 



between any two cample moans was 0.95 C n 'Jen 
nanograms of total DNA of each sample were also 
examined for p-actln. Ihc results again >ht>wed 
that very similar amounts of genomic DNA were 
present; the maximum mean p actio C: t value 
difference wa.* 1.0. As Figure 3 shows, the rate of 
(V act In C r change lwiwcon the 100 and 10-ng 
sample* was similar (slope values rang« batwoon 
3.56 aiiJ - 3.45), Thla verifies again that ihes 
method of sample preparation yields samples of 
identical PCR integrity 0.<'-* no sample contained 
an excessive amount of a PCR inhibitor). How* 
ever, these results indicate that each sample con 
tained slight differences in the actual amount of 
genomic 1>NA analyxcd. Determination of actual 
veiiujnic DNA concent ration was accomplished 
HORH 20S6 091 6*6 JVd 00:$T ZO0Z/90/ZX 
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Figure 2 Sample preparation purity. The repticato 
samples shown In Table ? wore also amplified In 
tripicale osing 25 ng of each DNA sample. The fig* 
uit shows die input DNA concentration (TOO and 
2S ng) vs. C, In ih*» tirjutt*. irw> TOO and 75 ng 
pOlnU for each sample are connected by a line. 



by plotting the mean £-actio O, value obtained 
for «at:h 100-llg sainplu on a ft-actln standard 
i.-ui ve (shown in Pig- 4C). The actual genomic 
ONA coiiceiitr;it*<»» of each sum pic, a, was ob 
talncd by extrapolation to thu 

Figure 4 A shows the measured (i.e., nun- 
normalJ^d) quaulhie* ut factor VI) J plnsinid 
ONA (pTOTM) from each of tint four transient cell 
transections. Each reaction contained 100 rtffof 
total sample DNA (as determined by UV spectra* 
copy). l&ch sample w;is analyzed in triplicate 



ttl Al TlMh QUANTITATIVE PCI? 

Pt.k iunplificatiorts. As shown, pl ; 8TM purified 
>ftoic Jbc 20H cells decrease* (moan C, values in- 
erui^t'?; with decreasing amounts of plasmld 
aruitsls'Ucd* The mc»n C k values obtained for 
pFbTW -in 'Figure 4A were plotted on a standard 
curve cC'WprlJted uf serially diluted pKRTM, 
shown .in figure 4B. The quaiillly uJ pI'XTM, b, 
found in each of the four transections was de 
tcrmined by extrapolation to the x axil, of the 
standard curve In Pigure 4B. Thttse uncorrected 
M values, h, for pKKTM were iiorundl^id 10 deter- 

mine the actual amount of pPS'lM found per 100 
riM or genomic DNA by using Ihc equation:. 

t> x tO O lift actual pl-STM copies ner 
f~ - 100 ng of genomic DNA 

where a actual genomic ONA in u sample and 
U ^ pIOTM copies from the standard curve. The 
normalised quantity of pF8TM per 100 ng of ge- 
nomic DNA for each of the four Iran*? actions Is 
shown in Figure 4JJ. 'ilicarc rtaulla ahem Uiat the 
quantity of factor viil plasmld associated wnh 
the 2v3 cell*, 21 hr after trunsfwiititi, Ui:uiuiser. 
with decreasing; plasmM uiui.tiiUiaiJon used In 
the transection. Tlic: quantity of pP6TM associ- 
ated with 293 cells, after transection with 40 img 
of plasmid, was 35 pg per 100 ng genomic 1>NA. 
Tills results in -520 plasmid copies per cell, 
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Figure 3 Analysis of tiansfectcd cell DNA quantity 
and purtty. I lie DNA preparations of Uiu four 293 
cell transections (40^ A, 0.5, and 0.1 of pF8TM) 
were analysed for the P-actln gene. 100 and 10 ng 
(determined by ultraviolet spectroscopy) of each 
sample were amplified in triplicate, For each 
amount of pF8TM that was transfectcd, the p-acdn 
C T values are plotted versus the tolal Input DNA 



WSCUSSJON 

Wo have described a new method for qua nth nt- 
ing gene copy numbers using feaMlmc analysts 
of PCR amplifications. Realtime PCK is compat- 
ible with cJthto- of the two PCK (KT-PCR) ap- 
proacho: (1) quantitative . oonitjctitive where an 
internal competitor for each target sequence is 
used for normalisation (data not shown) or (2) 
quantitative comparative PCK using a noi medica- 
tion gene contained within the sample (i.e., p-ac- 
tin) or a "housekeeping" gene, for RT-PC-K. If 
equal amounts of nucleic acid are analyzed for 
each sample and if the amplification cf/kimcy 
before quantitative analysis e* identical for each 
sample, the Internal contml (nwjmali^ilion jjene 
or competitor) should Rlvc equal signals for ali 
samples. 

The real-time PCR method offers sevenil ad- 
vantages over the other two methods currently 
employed (see the Introduction). First, the Teal- 
time PGR method is perfonncd in a dosed-tube 
system and requires no pcwl-PCK manipulation 
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Figure 4 Quantitative analyii* of pFSTM in transfccted cells. (A) Amount of 
plasmtd DMA used for the; trunsfoction plotted against the iihhim C, value deter- 
mirwi for pffiTM remaining ?/\ hr alter transection. (q,C) Standard curves of 
pf-RTM and (J-actln, respectively. pf6TM DNA (0) and genomic PIMA (Q were 
diluted Serially 1:5 be/ore amplification with the appropriate primers. The p-actin 
standard curve wh* usod to normalise the results of A to 1 00 rig of genomic DNA. 
(0) The amount of pF8TM present p<:r 1 00 ihj of genomic DNA* 



of sample. Therefore, fh<* |w>tenli«) for TCK con- 
lamina t jew i in the laboratory is reduced because 
amplified products can be analysed and disposed 
of without opening the reaction tube?;. Second, 
this method suppoxU the use of a uorniiilixHtloi j 
gene (Lc,, p-octin) for quantitative. PCR or house- 
keeping genes for quantitative RT-i'CK controls. 
Analysis Js performed in real time during the Jog 
phase of product accumulation. Analysis during 
lug phase permits many different genes (over a 
wide input target range) to be analy/cd simulta- 
neously, without concern of reaching reaction 
plateau at different cycles, Tliis will make imilll- 
gene analysis assays much caMvi to develop, be- 
cause individual internal cum^elllois will not he 
needed for each gene under analytic Third; 
sample throughput will imicase diamaliially 
with the new method because, there b no poM- 
VCR processing time. Additionally, walking In a 
96-wcll format is highly compatible with auto- 
mation technology, 

The real-time PCR method is highly repro- 
ducible. RcpHcaic. amplifications can be analyzed 



for each sample minimizing jKMentlal error. The. 
system allows* I'm a very large assay dynamic 
range (approaching 1,000,000 -fold Mailing tin- 
gcl). UaiiiK u .standard curve for the target oi in* 
tervM, relative copy number values can be deter- 
mined for any unknown sample. Fluorescent 
threshold values, C, v coneJate linearly with rela- 
tive PNA copy numbers. Ueal time quantitative 
KT-IKJR methodology (Gibson ct al v this Issue-) 
has also been developed, Finally, real time quan- 
titative TCU methodology can be used to develop 
high-throughput screening assay.* for a variety of 
applications [quantitative gene CAfricaskui (KT- 
PCR)j gene copy assays (!1cr2, I11V, etc.), £cno- 
typing (knockout mouse analysis), and Jmmunn- 

Real-time POU may al*o l>c performed using 
intercalating dyes (Mlguchi ct ul. such as 

ciJildium bromide. The fluorogenic probe 
method offers a major advantage over inter- 
cabling dyes- greater specificity (i.e., primer 
dlmcrs and nonspecific PCR products are not de- 
tracted). 
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METHODS 

Generation or <t Piasmld Containing a Partial 
cDNA for Human Factor VIII 

Total RNA v*«* harvested (UNA*o> It from Tel Ten, Inc., 
rTK-«dSY\'OOd, TX) from cvll> I uninfected wtlh a factor VIII 
rxpNswduii vector, pttS&Bt'ft&U (Koioh el al. WHO; Gor. 
mnn ct al. 1990). A factor VIII partial cl )N A wjlirmv WAS 

^ciutTnu-d by irr-K:u KiouoAmp ja rrih una io Xb 
(part NftOJMir/s, i'±i AnpliwJ Uiosysicins, Fostvi r,ity, <^A)J 
using the I'crti pi'itnvrs FKfor *»»d l-*ftrev (i«riru<-r seqiimrc-s 
are shown below), The am p3 Icon was reanip lifted UAlng 
modified Itffor and Wrcv prlmm («ppt-mU*d wlih HumHl 
and HfVcJUl restriction 5irc sequences «t the V endf wnrt 
clonal Into p<il',M- 3Z (Proniegu Clorp,, Madison, Wl). The 
resulting clone, pPSTM, was used l«r transient tMiisfoctlon 
of 293 reJU. 



Amplification of Target DNA am! Detection of 
Amplicon Factor VHI (fasmld DNA 

(pP8TM) was amplified with the |»hiK-i» FBfor 5'-<;<;<:- 

crr(KX^\Ai»Au:jUA(A'iiCn'CV-3' and Wrcv 5*-aaa<:<;t- 
t^OCXrrOGAJXUri'At'iCi-a'.'IlicrvttVlU*]! pivduevd w 422- 
iip k:k product. TMc forwurd primer m\> de>lgm:d tu uv 
ogiitsw tt unique Mijuutu- Ann id Jn I he 5 f untr&n stated 
region of thu patent uCl$2.lH25l> pldMirid <iml ilutfcfofe 
does not ivvugnUc «iiid amplify thv human factor VUI 
gene, Prinwft wore chosen with thv jtv*i*t<Mire of ilx« com- 
puter program Oligo 1,0 (Nutitmul hiuACicnccs, lnc„ Ply. 
mmjth, MN). The human p-act1« g«»ne w»s amplified with 
the primer* {5-nt-iiii forward primer TCACOCACA* TICT 
GCCCATcrrACrttA-.V and fi-aciijj reverse p»imci v-CA^- 
CGGAACCXiCrCAriCKXiAATGG-S'. The reaction pro- 
cnieoci a 2v5-np K:u product. 

Amplification reactions (50 ^) comaiuvtl a DNA 
sample, H>x pat Huffcr li (S uJ), 200 itM dATF, dCTP, 
dGTP, and 400 |tM riWTP, 1 inxt MgCI 7f )7„S Unlis Ampll 
7W<; PNA polymerase, 0,5 unit AmpKnw uracil N-fiiy- 
mmvIunc <UNC), 50 pinole of each faciei VUI.jtrliitui, 4ind 15 
pHHde *»f iwdi |t act In prim of. Tlx* icailluiu «x>ntalncd 
OtlC Of Ihf following (It'tcftI'm prolM»x (HWi r»M rnr|i): 

GCCTT(TAMRA)p 3 r «ud p-miin probe 5 r (PAM)ATGf.X:c;- 
X(TAMKA)CCCCCATCCCATCp-3' where p indicates 
phoAphnrylAlion nnd X indi cotes a linker ami nucleotide*. 
RcacUon tulHtt wen- Mu:rt>An\p Optical Tubes (part Aum- 
bcr NkOl OO.I.H, l»crkln Ulmvt) tliat wore frosts! («t IVrfcln 
P.lmcr) to prevent light from reflecting. 'l\ibc Cdpv w<?rc 
si mi I^i v in Micro A nip C;nj>a Ixit specially d cs i fined to pre- 
vent ll^ht svutk-rhig. All o! tho l*<;W ^mrtiimiihU * were 
I#Ik:<I 1>y PK Applied lUtwydt^inti Titty, CA) cxccpl 

I he factor VJll prim era, wlikl> wnc *ynthej>|y.cd at Ccncn 
lech, Inc. (South San Frtmclsco, CA). Probes ww dc-sl^ncd 
using the Oljgo 4.0 Artflwarc, follawJn^ guidelines kuk- 

^csieo in tnc Model 7700 .sequence Peutuw hi^uuiiu'itl 
manual. Brleily, probe T m ^imilit he nl least 5 tt C higher 
Iftail ill? annwdknt ttrui^Mhirc u.ied during ihrrmiil cy- 
rhiiy primers 5ho\tUI nut /ohm hUUIv duplexen* with the 
probr. 

The thcniKil ♦•ycllng oundiUons Included 2 in In >t 
50'C and 10 miii al 95T!. 'Ilira-mal cycling prnree<led with 



reaction* were pcrfunucd in tho Model 77UlKSequcnee IV- 
Icn1<»r (PL ApplU'd Uiustyslvuiv), which coiiUhu a Geiw- 
Anip W :U Sy&tvm V6O0. Uc ; at:llon ctuiditio-^ w«-re pm. 
gnituittoU urn »i I'*»wor Macintosh 7100 (Apple UiinpntPr, 
Soma Clara, t:A) linked clirvcily to the Model V?(in 
<)ucikv iKdoctor* Anaty«U of data w»v alw.» peW^wvd on 
ihv M'nilttAsh eamputer. Collection and wnalyKlfi «>fi ware 
wn» developed »t PK Appllcti niosyitUHns. 

Tramfection of CclU with Factor VIII Construct 

J-Viur I17.S nasks of 293 cells (ATCX: C:Uh 157H). a human 
fetol kidney suspen^on cell lln^ wvrv $™wh to 80% con- 
lluency and transfooU'd pt'ttTM. Cells wore grown in tin 
following medio; S0% HAM'S H12 without GMT, 50% Ion 
glucose nuJbccon'a inodlflrd Kajjle medium (UMIiM) wiil)» 
enn glyriiu: with sodium bicarbonate, 10% ietaJ bovine 
svmuii 2 titM L-glui<nnint, and 1% penkiliui-aitrcpiomy- 
cin. 'Hie media w« vitar^'cd 30 mln Mo«' the ironsfcc 
lion, pI'OTM DNA amount* of 40, 4, OA, and 0.1 ^; were 
added to 1.5i ml of ft solution containing 0.125 m Cm0 7 ; 
and 1 x Ill^liS. The four mixhm*H wore left at room tern- 
|.ie.rvt«rr (<$t HJ mln and then udtUnt HrtipwKo to llic cells, 
TJie n»>kN wvif,ini.uUitci3 Dl 37°C And 5% CX\ for 24 hr, 
wiuhed with l\US, »ti«J r*i«u^pcndcd in PUS. The re*n« 
jn*ndv:<l <iclb were divided into tdupiota und UNA wAd tv- 
tnu:ted luiniediutely using IhvQIAunip KI**hkI Kit (QUgen. 
aittl9Wortii r C<A>, l>NA w»s cluied Into 200 ol 30 n.^ 
Trls-lia ul plltt.0. 
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methods. Peptides AENK or AEQK were dissolved in water, made isotonic with 
NaCl and diluted into RPMI growth medium. T-cell- proliferation assays were 
done essentially as described 20,21 . Briefly, after antigen pulsing (30u.gmr' 
TTCF) with tetrapeptides (l-2mgmr'), PBMCs or EBV-B cells were 
washed in PBS and fixed for 45 s in 0.05% glutaraldehyde. Glycine was added 
to a final concentration of 0.1 M and the cells were washed five times in RPMI 
1640 medium containing 1% FCS before co-culture with T-cell clones in 
round-bottom 96-well microtitre plates. After 48 h, the cultures were pulsed 
with 1 u,Ci of 3 H- thymidine and harvested for scintillation counting 16 h later. 
Predigestion of native TTCF was done by incubating 200 u.g TTCF with 0.25 u.g 
pig kidney legumain in 500 u.1 50 mM citrate buffer, pH 5.5, for 1 h at 37 °C. 
Glycopeptide digestions. The peptides HIDNEEDI, HIDN(N-glucosamine) 
EEDI arid HIDNESDI, which are based on the TTCF sequence, and 
QQQHLFGSNVTDCSGNFCLFR(KKK), which is based on human transferrin, 
were obtained by custom synthesis. The three C-terminaJ lysine residues were 
added to .the natural sequence to aid solubility. The transferrin glycopeptide 
QQQHLFGSNVTDCSGNFCLFR was prepared by tryptic (Promega) digestion 
of 5mg reduced, carboxy-methylated human transferrin followed by 
concanavalin A chromatography 11 . Glycopeptides corresponding to residues 
622-642 and 421-452 were isolated by reverse- phase HPLC and identified by 
mass spectrometry and N- terminal sequencing. The lyophilized transferrin - 
derived peptides were redissolved in 50 mM sodium acetate, pH 5.5, 10 mM 
dithiothreitol, 20% methanol. Digestions were performed for 3 h at 30 °C with 
5-50 mU ml" 1 pig kidney legumain or B-cell AEP. Products were analysed by 
HPLC or MALDI-TOF mass spectrometry using a matrix of lOmgrnl" 1 o> 
cyanocinnamic acid in 50% acetonitrile/0.1% TFA and a PerSeptive Biosystems 
Elite STR mass spectrometer set to linear or reflector mode. Internal standar- 
dization was obtained with a matrix ion of 568.13 mass units. 
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Fas ligand (FasL) is produced by activated T cells and natural 
killer cells and it induces apoptosis (programmed cell death) in 
target cells through the death receptor Fas/Apol/CD95 (ref. 1). 
One important role of FasL and Fas is to mediate immune- 
cytotoxic killing of cells that are potentially harmful to the 
organism, such as virus-infected or tumour cells 1 . Here we 
report the discovery of a soluble decoy receptor, termed decoy 
receptor 3 (DcR3), that binds to FasL and inhibits FasL-induced 
apoptosis. The DcR3 gene was amplified in about half of 35 
primary lung and colon tumours studied, and DcR3 messenger 
RNA was expressed in malignant tissue. Thus, certain tumours 
may escape FasL-dependent immune-cytotoxic attack by expres- 
sing a decoy receptor that blocks FasL 

By searching expressed sequence tag (EST) databases, we identi- 
fied a set of related ESTs that showed homology to the tumour 
necrosis factor (TNF) receptor (TNFR) gene superfamily 2 . Using 
the overlapping sequence, we isolated a previously unknown full- 
length complementary DNA from human fetal lung. We named the 
protein encoded by this cDNA decoy receptor 3 (DcR3). The cDNA 
encodes a 300-amino-acid polypeptide that resembles members of 
the TNFR family (Fig. la): the amino terminus contains a leader 
sequence, which is followed by four tandem cysteine- rich domains 
(CRDs). Like one other TNFR homologue, osteoprotegerin (OPG)\ 
DcR3 lacks an apparent transmembrane sequence, which indicates 
that it may be a secreted, rather than a membrane-asscociated, 
molecule. We expressed a recombinant, histidine-tagged form of 
DcR3 in mammalian cells; DcR3 was secreted into the cell culture 
medium, and migrated on polyacrylamide gels as a protein of 
relative molecular mass 35,000 (data not shown). DcR3 shares 
sequence identity in particular with OPG (31%) and TNFR2 
(29%), and has relatively less homology with Fas (17%). All of 
the cysteines in the four CRDs of DcR3 and OPG are conserved; 
however, the carboxy- terminal portion of DcR3 is 101 residues 
shorter. 

We analysed expression of DcR3 mRNA in human tissues by 
northern blotting (Fig. lb). We detected a predominant 1.2-kilobase 
transcript in fetal lung, brain, and liver, and in adult spleen, colon 
and lung. In addition, we observed relatively high DcR3 mRNA 
expression in the human colon carcinoma cell line SW480. 

To investigate potential ligand interactions of DcR3, we generated 
a recombinant, Fc-tagged DcR3 protein. We tested binding of 
DcR3-Fc to human 293 cells transfected with individual TNF- 
family ligands, which are expressed as type 2 transmembrane 
proteins (these transmembrane proteins have their N termini in 
the cytosol). DcR3-Fc showed a significant increase in binding to 
cells transfected with FasL 4 (Fig. 2a), but not to cells transfected with 
TNF 5 , Apo2L/TRAIL 6 * 7 , Apo3L/TWEAK 8,9 , or OPGL/TRANCE/ 
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RANKL 10 " 12 (data not shown). DcR3-Fc immunoprecipitated shed 
FasL from FasL-transfected 293 cells (Fig. 2b) and purified soluble 
FasL (Fig. 2c), as did the Fc-tagged ectodomain of Fas but not 
TNFR1. Gel-filtration chromatography showed that DcR3-Fc and 
soluble FasL formed a stable complex (Fig. 2d). Equilibrium 
analysis indicated that DcR3-Fc and Fas-Fc bound to soluble 
FasL with a comparable affinity (K d = 0.8 ± 0.2 and 
l.l±0.1nM, respectively; Fig. 2e), and that DcR3-Fc could 
block nearly all of the binding of soluble FasL to Fas-Fc (Fig. 2e, 
inset). Thus, DcR3 competes with Fas for binding to FasL. 

To determine whether binding of DcR3 inhibits FasL activity, we 
tested the effect of DcR3-Fc on apoptosis induction by soluble 
FasL in Jurkat T leukaemia cells, which express Fas (Fig. 3a). DcR3- 
Fc and Fas-Fc blocked soluble-FasL-induced apoptosis in a 
similar dose-dependent manner, with half-maximal inhibition at 
—0.1 fjugml -1 . Time-course analysis showed that the inhibition did 
not merely delay cell death, but rather persisted for at least 24 hours 
(Fig. 3b). We also tested the effect of DcR3-Fc on activation - 
induced cell death (AICD) of mature T lymphocytes, a FasL- 
dependent process 1 . Consistent with previous results 13 , activation 
of interleukin-2-stimulated CD4-positive T cells with anti-CD3 
antibody increased the level of apoptosis twofold, and Fas-Fc 
blocked this effect substantially (Fig. 3c); DcR3-Fc blocked the 



induction of apoptosis to a similar extent. Thus, DcR3 binding 
blocks apoptosis induction by FasL. 

FasL-induced apoptosis is important in elimination of virus- 
infected cells and cancer cells by natural killer cells and cytotoxic T 
lymphocytes; an alternative mechanism involves perforin and 
granzymes'* 14 " 16 . Peripheral blood natural killer cells triggered 
marked cell death in Jurkat T leukaemia cells (Fig. 3d); DcR3-Fc 
and Fas-Fc each reduced killing of target cells from —65% to 
—30%, with half-maximal inhibition at —1 figml -1 ; the residual 
killing was probably mediated by the perforin/granzyme pathway. 
Thus, DcR3 binding blocks FasL-dependent natural killer cell 
activity. Higher DcR3-Fc and Fas-Fc concentrations were required 
to block natural killer cell activity compared with those required to 
block soluble FasL activity, which is consistent with the greater 
potency of membrane-associated FasL compared with soluble 
FasL 17 . 

Given the role of immune-cyto toxic cells in elimination of 
tumour cells and the fact that DcR3 can act as an inhibitor of 
FasL, we proposed that DcR3 expression might contribute to the 
ability of some tumours to escape immune-cytotoxic attack. As 
genomic amplification frequently contributes to tumorigenesis, we 
investigated whether the DcR3 gene is amplified in cancer. We 
analysed DcR3 gene-copy number by quantitative polymerase chain 
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Figure 1 Primary structure and expression of human DcR3. a, Alignment of the 
amino-acid sequences of DcR3 and of osteoprotegerin (OPG): the C-terminal 101 
residues of OPG are not shown. The putative signal cleavage site (arrow), the 
cysteine-rich domains (CRD 1 -4), and the A/-linked glycosylation site (asterisk) are 
shown. b t Expression of DcR3 mRNA. Northern hybridization analysis was done 
using the DcR3 cDNA as a probe and blots of pofy(A)* RNA (Clontech) from 
human fetal and adult tissues or cancer cell lines. PBL, peripheral blood 
lymphocyte. 



Figure 2 Interaction of DcR3 with FasL. a, 293 cells were transfected with pRK5 
vector (top) or with pRK5 encoding full-length FasL (bottom), incubated with 
DcR3-Fc (solid line, shaded area), TNFR1-Fc (dotted line) or buffer control 
(dashed line) (the dashed and dotted lines overlap), and analysed for binding by 
FACS. Statistical analysis showed a significant difference (P < 0.001) between the 
binding of DcR3-Fc to cells transfected with FasL or pRK5. PE. phycoeryth re- 
labelled cells, b, 293 cells were transfected as in a and m eta bolically labelled, and 
cell supernatants were immunoprecipitated with Fc-tagged TNFR1, DcR3 or Fas. 
c, Purified soluble FasL (sFasL) was immunoprecipitated withTNFRl-Fc, DcR3- 
Fc or Fas-Fc and visualized by immunoblot with anti-FasL antibody. sFasL was 
loaded directly for comparison in the right-hand lane. d. Flag-tagged sFasL was 
incubated with DcR3-Fc or with buffer and resolved by gel filtration; column 
fractions were analysed in an assay that detects complexes containing DcR3-Fc 
and sFasL-Flag. e, Equilibrium binding of DcR3-Fc or Fas-Fc to sFasL-Flag. 
Inset, competition of OcR3-Fc with Fas-Fc for binding to sFasL-Flag. 
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reaction (PCR) 18 in genomic DNA from 35 primary lung and colon 
tumours, relative to pooled genomic DNA from peripheral blood 
leukocytes (PBLs) of 10 healthy donors. Eight of 18 lung tumours 
and 9 of 17 colon tumours showed DcR3 gene amplification, 
ranging from 2- to 18-fold (Fig. 4a, b). To confirm this result, we 
analysed the colon tumour DNAs with three more, independent sets 
of DcR3 -based PCR primers and probes; we observed nearly the 
same amplification (data not shown). 

We then analysed DcR3 mRNA expression in primary tumour 
tissue sections by in situ hybridization. We detected DcR3 expres- 
sion in 6 out of 15 lung rumours, 2 out of 2 colon tumours, 2 out of 5 
breast tumours, and 1 out of 1 gastric tumour (data not shown). A 
section through a squamous-cell carcinoma of the lung is shown in 
Fig. 4c. DcR3 mRNA was localized to infiltrating malignant epithe- 
lium, but was essentially absent from adjacent stroma, indicating 
tumour-specific expression. Although the individual tumour speci- 
mens that we analysed for mRNA expression and gene amplification 
were different, the in situ hybridization results are consistent with 
the finding that the DcR3 gene is amplified frequently in tumours. 
SW480 colon carcinoma cells, which showed abundant DcR3 
mRNA expression (Fig. lb), also had marked DcR3 gene amplifica- 
tion, as shown by quantitative PCR (fourfold) and by Southern blot 
hybridization (fivefold) (data not shown). 

If DcR3 amplification in cancer is functionally relevant, then 
DcR3 should be amplified more than neighbouring genomic 
regions that are not important for tumour survival. To test this, 



we mapped the human DcR3 gene by radiation-hybrid analysis; 
DcR3 showed linkage to marker AFM2 18xe7 (T 160), which maps to 
chromosome position 20ql3. Next, we isolated from a bacterial 
artificial chromosome (BAC) library a human genomic clone that 
carries DcR3, and sequenced the ends of the clone s insert. We then 
determined, from the nine colon tumours that showed twofold or 
greater amplification of DcR3, the copy number of the DcR3- 
flanking sequences (reverse and forward) from the BAC, and of 
seven genomic markers that span chromosome 20 (Fig. 4d). The 
DcR3 -linked reverse marker showed an average amplification of 
roughly threefold, slightly less than the approximately fourfold 
amplification of DcR3; the other markers showed little or no 
amplification. These data indicate that DcR3 may be at the 'epi- 
centre* of a distal chromosome 20 region that is amplified in colon 
cancer, consistent with the possibility that DcR3 amplification 
promotes tumour survival. 

Our results show that DcR3 binds specifically to FasL and inhibits 
FasL activity. We did not detect DcR3 binding to several other TNF- 
ligand- family members; however, this does not rule out the possi- 
bility that DcR3 interacts with other ligands, as do some other 
TNFR family members, including OPG 2 * 19 . 

FasL is important in regulating the immune response; however, 
little is known about how FasL function is controlled. One mechan- 
ism involves the molecule cFLIP, which modulates apoptosis signal- 
ling downstream of Fas 20 . A second mechanism involves proteolytic 
shedding of FasL from the cell surface 17 . DcR3 competes with Fas for 
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Figure 3 Inhibition of FasL activity by DcR3. a, Human Jurkat T leukaemia cells 
were incubated with Flag-tagged soluble FasL (sFasU Sngml -1 ) oligomerized 
with anti-Flag antibody (0.1 u.g ml -1 ) in the presence of the proposed inhibitors 
DcR3-Fc. Fas-Fc or human IgGl and assayed for apoptosis (mean ± s.e.m. of 
triplicates), b. Jurkat cells were incubated with sFasL-Flag plus anti-Flag antibody 
as in a, in presence of 1 u.g ml -1 DcR3-Fc (filled circles), Fas-Fc (open circles) or 
human IgGl (triangles), and apoptosis was determined at the indicated time 
points, c, Peripheral blood T cells were stimulated with PHA and interieukin-2. 
followed by control (white bars) or anti-CD3 antibody (filled bars), together with 
phosphate-buffered saline (PBS), human IgGl, Fas-Fc, or DcR3-Fc (lO^gmr 1 ). 
After 16 h, apoptosis of C04* cells was determined (mean ± s.e.m. of results from 
five donors), d. Peripheral blood natural killer cells were incubated with 5, Cr- 
labelled Jurkat cells in the presence of DcR3-Fc (filled circles), Fas-Fc (open 
circles) or human IgGl (triangles), and target-cell death was determined by 
release of 5, Cr (mean ± s.d. for two donors, each in triplicate). 
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Figure 4 Genomic amplification of DcR3 in tumours, a, Lung cancers, comprising 
eight adenocarcinomas (c, d, f, g, h t j, k, r), seven squamous-cell carcinomas (a, e. 
m, n, o, p, q), one non-small-cell carcinoma (b). one small-cell carcinoma (i) t and 
one bronchial adenocarcinoma (I). The data are means * s.d. of 2 experiments 
done in duplicate, b, Colon tumours, comprising 17 adenocarcinomas. Data are 
means ± s.e.m. of five experiments done in duplicate, c, In situ hybridization 
analysis of DcR3 mRNA expression in a squamous-cell carcinoma of the lung. A 
representative bright-field image (left) and the corresponding dark-field image 
(right) show DcR3 mRNA over infiltrating malignant epithelium (arrowheads). 
Adjacent non-malignant stroma (S) t blood vessel (V) and necrotic tumour tissue 
(N) are also shown, d, Average amplification of DcR3 compared with amplifica- 
tion of neighbouring genomic regions (reverse and forward, Rev and Fwd), the 
DcR3-linked marker T160, and other chromosome-20 markers, in the nine colon 
tumours showing DcR3 amplification of twofold or more (b). Data are from two 
experiments done in duplicate. Asterisk indicates P < 0.01 for a Student's Hest 
comparing each marker with DcR3. 
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FasL binding; hence, it may represent a third mechanism of 
extracellular regulation of FasL activity. A decoy receptor that 
modulates the function of the cytokine interleukin-1 has been 
described 21 . In addition, two decoy receptors that belong to the 
TNFR family, DcRl and DcR2, regulate the FasL-related apoptosis- 
inducing molecule Apo2L 22 . Unlike DcRl and DcR2, which are 
membrane-associated proteins, DcRJ is directly secreted into the 
extracellular space. One other secreted TNFR- family member is 
OPG 1 , which shares greater sequence homology with DcR3 (31%) 
than do DcRl (17%) or DcR2 (19%); OPG functions as a third 
decoy for Apo2L 19 . Thus, DcR3 and OPG define a new subset of 
TNFR- family members that function as secreted decoys to mod- 
ulate ligands that induce apoptosis. Pox viruses produce soluble 
TNFR homologues that neutralize specific TNF- family ligands, 
thereby modulating the antiviral immune response 2 . Our results 
indicate that a similar mechanism, namely, production of a soluble 
decoy receptor for FasL, may contribute to immune evasion by ; 
certain tumours. Q r 



Methods 

Isolation of DcR3 cONA. Several overlapping ESTs in GenBank (accession 
numbers AA025672, AA025673 and W67560) and in Lifeseq™ (Incyte 
Pharmaceuticals; accession numbers 1339238, 1533571, 1533650, 1542861, 
1789372 and 2207027) showed similarity to members of the TNFR family. We 
screened human cDNA libraries by PCR with primers based on the region of 
EST consensus; fetal lung was positive for a product of the expected size. By 
hybridization to a PCR- generated probe based on the ESTs, one positive done" ; 
(DNA30942) was identified. When searching for potential alternatively spliced 
forms of DcR3 that might encode a transmembrane protein, we isolated 50 
more clones; the coding regions of these clones were identical in size to that of 
the initial clone (data not shown). ; : *'-.= " 

Fc-fusion proteins (immunoadhesins). The entire DcR3 sequence, or the 
ectodomain of Fas or TNFR1, was fused to the hinge and Fc region of human 
IgGl, expressed in insect SF9 cells or in human 293 cells, and purified as 
described 23 . 

Fluorescence-activated cell sorting (FACS) analysis. We transfected 293 
cells using calcium phosphate or Effectene (Qiagen) with pRK5 vector or pRK5 
encoding full-length human FasL 4 (2 jtg), together with pRK5 encoding CrmA 
(2(ig) to prevent cell death. After 16 h, the cells were incubated with 
biotinylated DcR3-Fc or TNFRl-Fc and then with phycoerythrin -conjugated 
streptavidin (GibcoBRL) vand were assayed by FACS. The data were analysed by 
Kolmogo roy-S mi rnov statistical analysis. There was some detectable staining 
of vector-transfected cells by DcR3-Fc; as these cells express little FasL (data 
not Shown),: it is possible that DcR3 recognized some other factor that is 
expressed constitutively on 293 cells. 

Immunoprecipftation. Human 293 cells were transfected as above, and 
metabolically labelled with [ 35 S]cysteine and 1 35 SJ methionine (0.5 mCi; 
Amersham). After 16h of culture in the presence of z-VAD-fmk (IOjxM), 
the medium was immunoprecipitated with DcR3-Fc, Fas-Fc or TNFRl-Fc 
(5 u.g), followed by protein A-Sepharose (Repligen). The precipitates were 
resolved by SDS-PAGE and visualized on a phosphorimager (Fuji BAS2000). 
Alternatively, purified, Flag-tagged soluble FasL ( 1 fig) (Alexis) was incubated 
with each Fc-fusion protein (1 u-g), precipitated with protein A-Sepharose, 
resolved by SDS-PAGE and visualized by immunoblotting with rabbit anti- 
FasL antibody (Oncogene Research). 

Analysis of complex formation. Flag-tagged soluble FasL (25u.g) was 
incubated with buffer or with DcR3-Fc (40 u,g) for 1.5 h at 24 °C. The reaction 
was loaded onto a Superdex 200 HR 10/30 column (Pharmacia) and developed 
with PBS; 0.6-ml fractions were collected. The presence of DcR3-Fc-FasL 
complex in each fraction was analysed by placing 100 jjlI aliquots into micro titre 
wells precoated with anti-human IgG (Boehringer) to capture DcR3-Fc, 
followed by detection with biotinylated anti-Flag antibody Bio M2 (Kodak) and 
streptavidin-horseradish peroxidase (Amersham). Calibration of the column 
indicated an apparent relative molecular mass of the complex of 420K (data not 
shown), which is consistent with a stoichiometry of two DcR3-Fc homodimers 
to two soluble FasL homotrimers. 

Equilibrium binding analysts. Microti tre wells were coated with anti -human 



IgG, blocked with 2% BSA in PBS. DcR3-Fc or Fas-Fc was added, followed by 
serially diluted Flag-tagged soluble FasL. Bound ligand was detected with anti- 
Flag antibody as above. In the competition assay, Fas-Fc was immobilized as 
above, and the wells were blocked with excess IgGl before addition of Flag- 
tagged soluble FasL plus DcR3-Fc. 

T-cell AICD. CD3 + lymphocytes were isolated from peripheral blood of 
individual donors using anti-CD3 magnetic beads (Miltenyi Biotech), 
stimulated with phytohaemagglutinin (PHA; 2 p-gmT 1 ) for 24 h, and cultured 
in the presence of interleukin-2 ( 100 U ml"') for 5 days. The cells were plated in 
wells coated with anti-CD3 antibody (Pharmingen) and analysed for apoptosis 
16 h later.by FACS analysis of annexin-V-binding of CD4 + cells". 
Natural killer cell activity. Natural killer cells were isolated from peripheral 
blood of individual donors using anti-CD56 magnetic beads (Miltenyi 
Biotech), and incubated for 16 h with sl Cr-loaded Jurkat cells at an effector- 
to-target ratio of 1:1 in the presence of DcR3-Fc Fas-Fc or human IgGl. 
Target-cell death was determined by release of - Cr in effector- target co- 
; cultures relative to release of 5, Cr by detergent lysis of equal numbers of Jurkat 

cells. V 

Gene-amplification analysis/: Surgical specimens were provided by J. Kern 
(lung tumours) and P. Quirke (colon tumours). Genomic DNA was extracted 
(Qiagen) and the concentration was determined using Hoechst dye 33258 
intercalation fluorometry. Amplification was determined by quantitative PCR 1 * 
using aTaqMan instrument (ABI). The method was validated by comparison of 
PCR and Southern hybridization data for the Myc and HER- 2 oncogenes (data 
not shown).; Gene-specific primers and fluorogenic probes were designed on 
me basis of the sequence of DcR3 or of nearby regions identified on a BAC 
carrying the human DcR3 gene; alternatively, primers and probes were based 
Von Stanford Human Genome Center marker AFM218xe7 (T160), which is 
linked to DcR3 (likelihood score = 5.4), SHGC-36268 (T159). the nearest 
available marker which maps to —500 kilobases from T160, and five extra 
markers that span chromosome 20. The DcR3 -specific primer sequences were 
5' -CTTCTTCGCGCACGCTG-3 ' and 5'-ATCACGCCGGCACCAG-3' and the 
fluorogenic probe sequence was 5 ' -( FAM - ACACGATGCGTGCTCCAAGCAG 
AAp-(TAMARA), where FAM is 5'-fluorescein phosphoramidite. Relative 
gene- copy numbers were derived using the formula 2 (4Cr \ where ACT is the 
difference in amplification cycles required to detect DcR3 in peripheral blood 
lymphocyte DNA compared to test DNA. 
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ABC transporters (also known as traffic ATPases) form a large 
family of proteins responsible for the translocation of a variety 
of compounds across membranes of both prokaryotes and 
eukaryotes 1 . The recently completed Escherichia coli genome 
sequence revealed that the largest family of paralogousE coli 
proteins is composed of ABC transporters 2 . Many eukaryotic 
proteins of medical significance belong to this family, such as 
the cystic fibrosis transmembrane conductance regulator (CFTR), 
the P-glycoprotein (or multidrug-resistance protein) and the 
heterodimeric transporter associated with antigen processing 
(Tapl-Tap2). Here we report the crystal structure at 1.5 A resolu- 
tion of HisP, the ATP-binding subunit of the histidine permease, 
which is an ABC transporter from Salmonella typhimurium. We 
correlate the details of this structure with the biochemical, genetic 
and biophysical properties of the wild-type and several mutant 
HisP proteins. The structure provides a basis for understanding 
properties of ABC transporters and of defective CFTR proteins. 

ABC transporters contain four structural domains: two nucleo- 
tide-binding domains (NBDs), which are highly conserved 
throughout the family, and two transmembrane domains 1 . In 
prokaryotes these domains are often separate subunits which are 
assembled into a membrane -bound complex; in eukaryotes the 
domains are generally fused into a single polypeptide chain. The 
periplasmic histidine permease of S. typhimurium and E. coli 1,5 '* is a 
well-characterized ABC transporter that is a good model for this 
superfamily. It consists of a membrane-bound complex, HisQMP 2 , 
which comprises integral membrane subunits, HisQ and HisM, and 
two copies of HisP, the ATP-binding subunit. HisP, which has 
•properties intermediate between those of integral and peripheral 
membrane proteins 9 , is accessible from both sides of the membrane, 
presumably by its interaction with HisQ and HisM 6 . The two HisP 
subunits form a dimer, as shown by their cooperativity in ATP 
hydrolysis 5 , the requirement for both subunits to be present for 
activity 8 , and the formation of a HisP dimer upon chemical cross- 
linking. Soluble HisP also forms a dimer 3 . HisP has been purified 
and characterized in an active soluble form 3 which can be recon- 
stituted into a fully active membrane-bound complex 8 . 

The overall shape of the crystal structure of the HisP monomer is 
that of an *V with two thick arms (arm I and arm II); the ATP- 
binding pocket is near the end of arm I (Fig. 1). A six-stranded 0- 
sheet (p3 and p8-p 12) spans both arms of the L, with a domain of a 
a- plus p-type structure ((31, p2, p4~p7, al and ot2) on one side 
(within arm I) and a domain of mostly ot-helices (ct3-a9) on the 
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Figure 1 Crystal structure of HisP. a, View of the dimer along an axis 
perpendicular to its two-fold axis. The top and bottom of the dimer are suggested 
to face towards the periplasmic and cytoplasmic sides, respectively {see text). 
The thickness of arm II is about 25 A, comparable to that of membrane. a-He!ices 
are shown in orange and p-sheets in green, b, View along the two-fold axis of the 
HisP dimer, showing the relative displacement of the monomers not apparent in 
a. The p-strands at the dimer interface are labelled, c. View of one monomer from 
the bottom of arm I, as shown in a. towards arm II, showing the ATP-binding 
pocket, a-c, The protein and the bound ATP are in 'ribbon' and 'baH-and-stick' 
representations, respectively. Key residues discussed in the text are indicated in 
c. These figures were prepared with MOLSCRIPT 29 . N, amino terminus; C, C 
terminus. 
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Gene amplification is a common event in the progression of 
human cancers, and amplified oncogenes have been shown to 
have diagnostic, prognostic and therapeutic relevance. A 
kinetic quantitative polymerase-chain-reaction (PCR) method, 
based on fluorescent TaqMan methodology and a new instru- 
ment (ABI Prism 7700 Sequence Detection System) capable 
of measuring fluorescence in real-time, was used to quantify 
gene amplification in tumor DNA. Reactions are character- 
ized by the point during cycling when PCR amplification is still 
in the exponential phase, rather than the amount of PCR 
product accumulated after a fixed number of cycles. None of 
the reaction components is limited during the exponential 
phase, meaning that values are highly reproducible in reac- 
tions starting with the same copy number. This greatly 
improves the precision of DIM A quantification. Moreover, 
real-time PCR does not require post- PCR sample handling, 
thereby preventing potential PCR-product carry-over con- 
tamination; it possesses a wide dynamic range of quantified- ' 
tion and results in much faster and higher sample throughput. 
The real-time PCR method, was used to develop and validate 
a simple and rapid assay for the detection and quantification 
of the 3 most frequently amplified genes (myc, ccndl and 
erbB2) in breast tumors. Extra copies of myc, ccndl and erbBZ 
were observed in 10, 23 and 15%, respectively, of 108 breast- 
tumor DNA; the largest observed numbers of gene copies 
were 4.6, 18.6 and 15.1, respectively. These results correlated 
well with those of Southern blotting. The use of this new 
semi-automated technique wilt make molecular analysis of 
human cancers simpler and more reliable, and should find 
broad applications in clinical and research settings. Int. i. 
Cancer 78:661-666, 1998. 
© 1998 Wiley-Liss, Inc. 

. Gene amplification plays an important role in the pathogenesis 
of various solid tumors, including breast cancer, probably because 
over-expression of the amplified target genes confers a "selective 
advantage. The first technique used to detect genomic amplification 
was cytogenetic analysis. Amplification of several chromosome 
regions, visualized either as extrachromosomal double minutes 
(dmins) or as integrated homogeneously staining regions (HSRs), 
are among the main visible cytogenetic abnormalities in breast 
rumors. Other techniques such as comparative genomic hybridiza- 
tion (CGH) (Kallioniemi et al., 1994) have also been used in broad 
searches for regions of increased DNA copy numbers in tumor 
cells, and have revealed some 20 amplified chromosome regions in 
breast tumors. Positional cloning efforts are underway to identify 
the critical gene(s) in each amplified region. To date, genes known 
to be amplified frequently in breast cancers include myc (8q24), 
ccndl ( 1 1 q 1 3), and erbhl ( 1 7q 1 2-q2 1 ) (for review, see Bieche and 
Lidereau, 1995). 

Amplification of the myc, ccndl, and erbBl proto-oncogenes 
should have clinical relevance in breast cancer, since independent 
studies have shown that these alterations can be used to identify 
sub-populations with a worse prognosis (Berns et al., 1992; 
Schuuring et al, 1992; Slamon et al, 1987). Muss et al. (1994) 
suggested that these gene alterations may also be useful for the 
prediction and assessment of the efficacy of adjuvant chemotherapy 
and hormone therapy. 

However, published results diverge both in terms of the fre- 
quency of these alterations and their clinical value. For instance, 
over 500 studies in 10 years have failed to resolve the controversy 



surrounding the link suggested by Slamon et al. (1987) between 
erbB2 amplification and disease progression. These discrepancies 
are partly due to the clinical, histological and ethnic heterogeneity 
of breast cancer, but technical considerations are also probably 
involved. 

Specific genes (DNA) were initially quantified in tumor cells by 
means of blotting procedures such as Southern and slot blotting. 
These batch techniques require large amounts of DNA (5-10 
ug/reaction) to yield reliable quantitative results. Furthermore, 
meticulous care is required at all stages of the procedures to 
generate blots of sufficient quality for reliable dosage analysis. 
Recently, PCR has proven to be a powerful tool for quantitative 
DNA analysis, especially with minimal starting quantities of tumor 
samples (small, early-stage tumors and formalin-fixed, paraffin- 
embedded tissues). 

Quantitative PCR can be performed by evaluating the amount of 
product either after a given number of cycles (end-point quantita- 
tive PCR) or after a varying number of cycles during the 
exponential phase (kinetic quantitative PCR). In the first case, an 
internal standard distinct from the target molecule is required to 
ascertain PCR efficiency. The method is relatively easy but implies 
generating, quantifying and storing an internal standard for each 
gene studied. Nevertheless, it is the most frequently applied 
method to date. 

One of the major advantages of the kinetic method is its rapidity 
in quantifying a new gene, since no internal standard is required (an 
external standard curve is sufficient). Moreover, the kinetic method 
has a wide dynamic range (at least 5 orders of magnitude), giving 
an accurate value for samples differing in their copy number. 
Unfortunately, the method is cumbersome and has therefore been 
rarely used. It involves aliquot sampling of each assay mix at 
regular intervals and quantifying, for each aliquot, the amplifica- 
tion product. Interest in the kinetic method has been stimulated by a 
novel approach using fluorescent TaqMan methodology and a new 
instrument (ABI Prism 7700 Sequence Detection System) capable 
of measuring fluorescence in real time (Gibson et ai, 1996; Heid et 
al, 1996). The TaqMan reaction is based on the 5' nuclease assay 
first described by Holland et al. (1991). The latter uses the 5' 
nuclease activity of Taq polymerase to cleave a specific fluorogenic 
oligonucleotide probe during the extension phase of PCR. The 
approach uses dual-labeled fluorogenic hybridization probes (Lee 
et ai, 1993). One fluorescent dye, co-valently linked to the 5' end 
of the oligonucleotide, serves as a reporter [FAM (i.e., 6-carboxy- 
fluorescein)] and its emission spectrum is quenched by a second 
fluorescent dye, TAMRA (i.e., 6-carboxy-tetramethyl-rhodamine) 
attached to the 3' end. During the extension phase of the PCR 
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cycle, the fluorescent hybridization probe is hydrolyzed by the 
5 '-3' nucleolytic activity of DNA polymerase. Nuclease degrada- 
tion of the probe releases the quenching of FAM fluorescence 
emission, resulting in an increase in peak fluorescence emission. 
The fluorescence signal is normalized by dividing the emission 
intensity of the reporter dye (FAM) by the emission intensity of a 
reference dye {i.e., ROX, 6-carboxy-X-rhodamine) included in 
TaqMan buffer, to obtain a ratio defined as the Rn (normalized 
reporter) for a given reaction tube. The use of a sequence detector 
enables the fluorescence spectra of all 96 wells of the thermal 
cycler to be measured continuously during PCR amplification. 

The real-time PCR method offers several advantages over other 
current quantitative PCR methods (Celi et ai, 1994): (i) the 
probe-based homogeneous assay provides a real-time method for 
detecting only specific amplification products, since specific hybri- 
dation of both the primers and the probe is necessary to generate a 
signal; (it) the C, (threshold cycle) value used for quantification is 
measured when PCR amplification is still in the log phase of PCR 
product accumulation. This is the main reason why Q is a more 
reliable measure of the starting copy number than are end-point 
measurements, in which a slight difference in a limiting component 
can have a drastic efTect on the amount of product; (Hi) use of C t 
values gives a wider dynamic range (at least 5 orders of magni- 
tude), reducing the need for serial dilution; (iv) The real-time PCR 
method is run in a closed-tube system and requires no post-PCR 
sample handling, thus avoiding potential contamination; (v) the 
system is highly automated, since the instrument continuously 
measures fluorescence in all 96 wells of the thermal cycler during 
PCR amplification and the corresponding software processes, and 
analyzes the fluorescence data; (vi) the assay is rapid, as results are 
available just one minute after thermal cycling is complete; (vii) the 
sample throughput of the method is high, since 96 reactions can be 
analyzed in 2 hn 

Here, we applied this semi-automated procedure to determine 
the copy numbers of the 3 most frequently amplified genes in breast 
tumors (myc, ccndl and erbBT), as well as 2 genes (alb and app) 
located in a chromosome region in which no genetic changes have 
been observed in breast tumors. The results for 108 breast tumors 
were compared with previous Southem-blot data for the same 
samples. 



MATERIAL AND METHODS 
Tumor and blood samples 

Samples were obtained from 108 primary breast tumors removed 
surgically from patients at the Centre Rene Huguenin; none of the 
patients had undergone radiotherapy or chemotherapy. Immedi- 
ately after surgery, the tumor samples were placed in liquid 
nitrogen until extraction of high-molecular- weight DNA. Patients 
were included in this study if the tumor sample used for DNA 
preparation contained more than 60% of tumor cells (histological 
analysis). A blood sample was also taken from 18 of the same 
patients. 

DNA was extracted from tumor tissue and blood leukocytes 
according to standard methods. 

Real-time PCR 

Theoretical basis. Reactions are characterized by the point 
during cycling when amplification of the PCR product is first 
detected, rather than by the amount of PCR product accumulated 
after a fixed number of cycles. The higher the starting copy number 
of the genomic DNA target, the earlier a significant increase in 
fluorescence is observed. The parameter C t (threshold cycle) is 
defined as the fractional cycle number at which the fluorescence 
generated by cleavage of the probe passes a fixed threshold above 
baseline. The target gene copy number in unknown samples is 
quantified by measuring C t and by using a standard curve to 
determine the starting copy number. The precise amount of 
genomic DNA (based on optical density) and its quality (i.e., lack 



of extensive degradation) are both difficult to assess. We therefore 
also quantified a control gene (alb) mapping to chromosome region 
4qll-ql3, in which no genetic alterations have been found in 
breast-tumor DNA by means of CGH (Kallioniemi et ai, 1994). 

Thus, the ratio of the copy number of the target gene to the copy 
number of the alb gene normalizes the amount and quality of 
genomic DNA. The ratio defining the level of amplification is 
termed "N M , and is determined as follows: 

copy number of target gene (app, myc, ccndl, erbBl) 

N = . 

copy number of reference gene (alb) 

Primers, probes, reference human genomic DNA and PCR 
consumables. Primers and probes were chosen with the assistance 
of the computer programs Oligo 4.0 (National Biosciences, Ply- 
mouth, MN), EuGene (Daniben Systems, Cincinnati, OH) and Primer 
Express (Perkin-Elmer Applied Biosystems, Foster City, CA). 

Primers were purchased from DNAgency (Malvern, PA) and 
probes from Perkin-Elmer Applied Biosystems. 

Nucleotide sequences for the oligonucleotide hybridization 
probes and primers are available on request. 

The TaqMan PCR Core reagent kit, MicroAmp optical tubes, 
and MicroAmp caps were from Perkin-Elmer Applied Biosystems. 

Standard-curve construction. The kinetic method requires a 
standard curve. The latter was constructed with serial dilutions of 
specific PCR products, according to Piatak et ai (1993). In 
practice, each specific PCR product was obtained by amplifying 20 
ng of a standard human genomic DNA (Boehringer, Mannheim, 
Germany) with the same primer pairs as those used later for 
real-time quantitative PCR. The 5 PCR products were purified 
using MicroSpin S-400 HR columns (Pharmacia, Uppsala, Swe- 
den) electrophorezed through an acrylamide gel and stained with 
ethidium bromide to check their quality. The PCR products were 
then quantified spectrophotometrically and pooled, and serially 
diluted 10- fold in mouse genomic DNA (Clontech, Palo Alto, CA) 
at a constant concentration of 2 ng/ul. The standard curve used for 
real-time quantitative PCR was based on serial dilutions of the pool 
of PCR products ranging from 10" 7 (10 5 copies of each gene) to 
10" 10 (10 2 copies). This series of diluted PCR products was 
aliquoted and stored at - 80°C until use. 

The standard curve was validated by analyzing 2 known 
quantities of calibrator human genomic DNA (20 ng and 50 ng). 

PCR amplification. Amplification mixes (50 ul) contained the 
sample DNA (around 20 ng, around 6600 copies of disomic genes), 
10X TaqMan buffer (5 ul), 200 uM dATP, dCTP, dGTP, and 400 
uM dUTP, 5 mM MgCl 2 , 1.25 units of AmpliTaq Gold, 0.5 units of 
AmpErase uracil N-glycosylase (UNG), 200 nM each primer and 
100 nM probe. The thermal cycling conditions comprised 2 min at 
50°C and 10 min at 95°C. Thermal cycling consisted of 40 cycles at 
95°C for 15 s and 65°C for 1 min. Each assay included: a standard 
curve (from 10 5 to 10 2 copies) in duplicate, a no-template control, 
20 ng and 50 ng of calibrator human genomic DNA (Boehringer) in 
triplicate, and about 20 ng of unknown genomic DNA in triplicate 
(26 samples can thus be analyzed on a 96- well microplate). All 
samples with a coefficient of variation (CV) higher than 10% were 
retested. 

All reactions were performed in the ABI Prism 7700 Sequence 
Detection System (Perkin-Elmer Applied Biosystems), which 
detects the signal from the fluorogenic probe during PCR. 

Equipment for real-time detection. The 7700 system has a 
built-in thermal cycler and a laser directed via fiber optical cables 
to each of the 96 sample wells. A charge-coupled-device (CDD) 
camera collects the emission from each sample and the data are 
analyzed automatically. The software accompanying the 7700 
system calculates C t and determines the starting copy number in the 
samples. 
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Determination of gene amplification. Gene amplification was 
calculated as described above. Only samples with an N value 
higher than 2 were considered to be amplified. 

RESULTS 

To validate the method, real-time PCR was performed on 
genomic DN A extracted from 1 08 primary breast tumors, and 1 8 
normal leukocyte DNA samples from some of the same patients. 
The target genes were the myc. ccndl and erbBl proto-oncogenes, 
and the p-amyloid precursor protein gene (app), which maps to a 
chromosome region (21q21.2) in which no genetic alterations have 
been found in breast tumors (Kallioniemi et ai, 1994). The 
reference disomic gene was the albumin gene (alb, chromosome 
4qll-ql3). 



Validation of the standard curve and dynamic range 
of real-time PCR 

The standard curve was constructed from PCR products serially 
diluted in genomic mouse DNA at a constant concentration of 
2 ng/ul. It should be noted that the 5 primer pairs chosen to analyze 
the 5 target genes do not amplify genomic mouse DNA (data not 
shown). Figure 1 shows the real-time PCR standard curve for the 
alb gene. The dynamic range was wide (at least 4 orders of 
magnitude), with samples containing as few as 10 2 copies or as 
many as I0 5 copies. 

Copy-number ratio of the 2 reference genes fapp and z\b) 

The app to alb copy-number ratio was determined in 1 8 normal 
leukocyte DNA samples and all 108 primary breast-tumor DNA 
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Figure 1 - Albumin (alb) gene dosage by real-time PCR. Top: Amplification plots for reactions with starting alb gene copy number ranging 
from 10 5 (A9), I0 4 (A7), 10 3 (A4) to I0 2 (A2) and a no-template control (Al). Cycle number is plotted vs. change in normalized reporter signal 
(ARn). For each reaction tube, the fluorescence signal of the reporter dye (FAM) is divided by the fluorescence signal of the passive reference dye 
(ROX), to obtain a ratio defined as the normalized reporter signal (Rn). ARn represents the normalized reporter signal (Rri) minus the baseline 
signal established in the first 15 PCR cycles. ARn increases during PCR as alb PCR product copy number increases until the reaction reaches a 
plateau. C, (threshold cycle) represents the fractional cycle number at which a significant increase in Rn above a baseline signal (horizontal black 
line) can first be detected. Two replicate plots were performed for each standard sample, but the data for only one are shown here. Bottom: 
Standard curve plotting log starting copy number vs. C, (threshold cycle). The black dots represent the data for standard samples plotted in 
duplicate and the red dots the data for unknown genomic DNA samples plotted in triplicate. The standard curve shows 4 orders of linear dynamic 
range. 
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samples. We selected these 2 genes because they are located in 2 
chromosome regions (app, 21q21.2; alb, 4qll-ql3) in which no 
obvious genetic changes (including gains or losses) have been 
observed in breast cancers (Kallioniemi et ai, 1994). The ratio for 
the 18 normal leukocyte DNA samples fell between 0.7 and 1.3 
(mean 1.02 ± 0.21), and was similar for the 108 primary breast- 
tumor DNA samples (0.6 to 1 .6, mean 1 .06 ± 0.25), confirming 
that alb and app are appropriate reference disomic genes for 
breast- tumor DNA. The low range of the ratios also confirmed that 
the nucleotide sequences chosen for the primers and probes were 
not polymorphic, as mismatches of their primers or probes with the 
subject's DNA would have resulted in differential amplification. 

myc, ccndl and erb#2 gene dose in normal leukocyte DNA 

To determine the cut-off point for gene amplification in breast- 
cancer tissue, 1 8 normal leukocyte DNA samples were tested for 
the gene dose (N), calculated as described in "Material and 
Methods". The N value of these samples ranged from 0.5 to 1.3 
(mean 0.84 ± 0.22) for myc, 0.7 to 1.6 (mean 1.06 ± 0.23) for 
ccndl and 0.6 to 1 .3 (mean 0.9 1 ± 0. 1 9) for erbBl. Since N values 
for myc, ccndl and erbBl in normal leukocyte DNA consistently 
fell between 0.5 and 1 .6, values of 2 or more were considered to 
represent gene amplification in tumor DNA. 

myc, ccndl and erbB2 gene dose in breast-tumor DNA 

myc t ccndl and erbBl gene copy numbers in the 108 primary 
breast tumors are reported in Table 1. Extra copies of ccndl were 
more frequent (23%, 25/108) than extra copies of erbB2 (15%, 
16/108) and myc (10%, 11/108), and ranged from 2 to 18.6 for 
ccndl, 1 to 15.1 for erbBl, and only 2 to 4.6 for the myc gene. 
Figure 2 and Table II represent tumors in which the ccndl gene was 
amplified 16-fold (T145), 6-fold (T133) and non-amplified (T118). 
The 3 genes were never found to be co-amplified in the same tumor. 
erbBl and ccndl were co-amplified in only 3 cases, myc and ccndl 
in 2 cases and myc and erbBl in 1 case. This favors the hypothesis 
that gene amplifications are independent events in breast cancer. 
Interestingly, 5 tumors showed a decrease of at least 50% in the 
erbBl copy number (N < 0.5), suggesting that they bore deletions 
of the 1 7q2 1 region (the site of erbBl). No such decrease in copy 
number was observed with the other 2 proto-oncogenes. 

. Comparison of gene dose determined by real-time quantitative 
PCR and Southern-blot analysis 

Southern-blot analysis of myc, ccndl and erbBl amplifications 
had previously been done on the same 1 08 primary breast tumors. A 
perfect correlation between the results of real-time PCR and 
Southern blot was obtained for tumors with high copy numbers 
(N ^ 5). However, there were cases ( 1 myc, 6 ccndl and 4 erbBl) 
in which real-time PCR showed gene amplification whereas 
Southern-blot did not, but these were mainly cases with low extra 
copy numbers (N from 2 to 2.9). 

DISCUSSION 

The clinical applications of gene amplification assays are 
currently limited, but would certainly increase if a simple, standard- 
ized and rapid method were perfected. Gene amplification status 
has been studied mainly by means of Southern blotting, but this 
method is not sensitive enough to detect low-level gene amplifica- 
tion nor accurate enough to quantify the full range of amplification 
values. Southern blotting is also time-consuming, uses radioactive 



TABLE 1 - DISTRIBUTION OF AMPLIFICATION LEVEL (N) FOR myc. 
ccndl AND erbB2 GENES IN 108 HUMAN BREAST TUMORS 



Gene 




Amplification level (N) 




<0.5 


0.5-1.9 2-4.9 


2:5 


myc 


0 


97(89.8%) 11 (10.2%) 


0 


ccndl 


0 


83(76.9%) 17(15.7%) 


8 (7.4%) 


erbBl 


5 (4.6%) 


87 (80.6%) 8 (7.4%) 


8 (7.4%) 



reagents and requires relatively large amounts of high-quality 
genomic DNA, which means it cannot be used routinely in many 
laboratories. An amplification step is therefore required to deter- 
mine the copy number of a given target gene from minimal 
quantities of tumor DNA (small early-stage tumors, cytopuncture 
specimens or formalin-fixed, paraffin-embedded tissues). 

In this study, we validated a PCR method developed for the 
quantification of gene over-representation in rumors. The method, 
based on real-time analysis of PCR amplification, has several 
advantages over other PCR-based quantitative assays such as 
competitive quantitative PCR (Celi et al t 1 994). First, the real-time 
PCR method is performed in a closed-tube system, avoiding the 
risk of contamination by amplified products. Re-amplification of 
carryover PCR products in subsequent experiments can also be 
prevented by using the enzyme uracil N-glycosylase (UNG) 
(Longo et ai, 1990). The second advantage is the simplicity and 
rapidity of sample analysis, since no post-PCR manipulations are 
required. Our results show that the automated method is reliable. 
We found it possible to determine, in triplicate, the number of 
copies of a target gene in more than 100 tumors per day. Third, the 
system has a linear dynamic range of at least 4 orders of magnitude, 
meaning that samples do not have to contain equal starting amounts 
of DNA. This technique should therefore be suitable for analyzing 
formalin-fixed, paraffin-embedded tissues. Fourth, and above all, 
real-time PCR makes DNA quantification much more precise and 
reproducible, since it is based on C t values rather than end-point 
measurement of the amount of accumulated PCR product. Indeed, 
the ABI Prism 7700 Sequence Detection System enables C t to be 
calculated when PCR amplification is still in the exponential phase 
and when none of the reaction components is rate-limiting. The 
within-run CV of the C t value for calibrator human DNA (5 
replicates) was always below 5%, and the between-assay precision 
in 5 different runs was always below 10% (data not shown). In 
addition, the use of a standard curve is not absolutely necessary, 
since the copy number can be determined simply by comparing the 
C t ratio of the target gene with that of reference genes. The results 
obtained by the 2 methods (with and without a standard curve) are 
similar in our experiments (data not shown). Moreover, unlike 
competitive quantitative PCR, real-time PCR does not require an 
internal control (the design and storage of internal controls and the 
validation of their amplification efficiency is laborious). 

The only potential disavantage of real-time PCR. like all other 
PCR-based methods and solid-matrix blotting techniques (South- 
ern blots and dot blots) is that is cannot avoid dilution artifacts 
inherent in the extraction of DNA from tumor cells contained in 
heterogeneous tissue specimens. Only FISH and immunohistochem- 
istry can measure alterations on a cell-by-cell basis (Pauletti et ai, 
1996; Slamon et ai, 1989). However, FISH requires expensive 
equipment and trained personnel and is also time-consuming. 
Moreover, FISH does not assess gene expression and therefore 
cannot detect cases in which the gene product is over-expressed in 
the absence of gene amplification, which will be possible in the 
future by real-time quantitative RT-PCR. Immunohistochemistry is 
subject to considerable variations in the hands of different teams, 
owing to alterations of target proteins during the procedure, the 
different primary antibodies and fixation methods used and the 
criteria used to define positive staining. 

The results of this study are in agreement with those reported in 
the literature. (/) Chromosome regions 4qll-ql3 and 21q2l.2 
(which bear alb and app, respectively) showed no genetic alter- 
ations in the breast-cancer samples studied here, in keeping with 
the results of CGH (Kallioniemi et ai, 1994). (ii) We found that 
amplifications of these 3 oncogenes were independent events, as 
reported by other teams (Bems et ai, 1 992; Borg et ai, 1 992). (///) 
The frequency and degree of myc amplification in our breast rumor 
DNA series were lower than those of ccndl and erbBl amplifica- 
tion, confirming the findings of Borg et ai ( 1 992) and Courjal et ai. 
(1997). (/V) The maxima of ccndl and erbB2 over-representation 
were 1 8-fold and 15-fold, also in keeping with earlier results (about 
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Figure 2 - ccndl and alb gene dosage by real-time PCR in 3 breast tumor samples: Tl 1 8 (E 1 2, C6, black squares), Tl 33 (G 1 K B4, red squares) 
and T145 (A8, C8, blue squares). Given the C, of each sample, the initial copy number is inferred from the standard curve obtained during the same 
experiment. Triplicate plots were performed for each tumor sample, but the data for only one are shown here. The results are shown in Table II. 



30-fold maximum) (Berns et aL, 1992; Borg etal, 1 992; Courjal et 
aL, 1997). (v) The erbBl copy numbers obtained with real-time 
PCR were in good agreement with data obtained with other 
quantitative PCR-based assays in terms of the frequency and 
degree of amplification (An et aL, 1995; Deng et aL, 1 996; Valeron 



et aL, 1996). Our results also correlate well with those recently 
published by Gelmini et aL (1997), who used the TaqMan system to 
measure erbBl amplification in a small series of breast tumors 
(n = 25), but with an instrument (LS-50B luminescence spectrom- 
eter, Perkin-Elmer Applied Biosystems) which only allows end- 
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TABLE I! - EXAMPLES OF ccndl GENE DOSAGE RESULTS 
FROM 3 BREAST TUMORS' 



* 

Tumor 




ccndl 






alb 




Uccndl/alb 


Copy 
number 


Mean 


SD 


Copy 
number 


Mean 


SD 


TU8 


4525 






4223 










4605 


4603 


77 


4365 


4325 


89 


1.06 




4678 






4387 








T133 


59821 






9787 










61659 


61100 


1111 


10092 


10137 


375 


6.03 




61821 






10533 








T145 


128563 






7321 










125892 


125392 


3448 


7762 


7672 


316 


16.34 




121722 






7933 









'For each sample, 3 replicate experiments were performed and the mean 
and the standard deviation (SD) was determined The level of ccndl gene 
amplification (Nccndl/alb) is determined by dividing the average ccndl 
copy namber value by the average alb copy number value. 



point measurement of fluorescence intensity. Here we report myc 
and ccndl gene dosage in breast cancer by means of quantitative . 
PCR. (vi) We found a high degree of concordance between 
real-time quantitative PCR and Southern blot analysis in terms of 
gene amplification, especially for samples with high copy numbers 
(> 5-fold). The slightiy higher frequency of gene amplification 
(especially ccndl and erbBZ) observed by means of real-time 
quantitative PCR as compared with Southern-blot analysis may be 
explained by the higher sensitivity of the former method. However, 
we cannot rule out the possibility that some tumors with a few extra 



gene copies observed in real-time PCR had additional copies of an 
arm or a whole chromosome (trisomy, tetrasomy or polysomy) 
rather than true gene amplification. These 2 types of genetic 
alteration (polysomy and gene amplification) could be easily 
distinguished in the future by using an additional probe located on 
the same chromosome arm, but some distance from the target gene. 
It is noteworthy that high gene copy numbers have the greatest 
prognostic significance in breast carcinoma (Borg et al, 1992; 
Slamon era/., 1987). 

Finally, this technique can be applied to the detection of gene 
deletion as well as gene amplification. Indeed, we found a 
decreased copy number of erbB2 (but not of the other 2 proto- 
oncogenes) in several tumors; erbB2 is located in a chromosome 
region (I7q21) reported to contain both deletions and amplifica- 
tions in breast cancer (Bieche and Lidereau, 1 995). 

In conclusion, gene amplification in various cancers can be used 
as a marker of pre-neoplasia, also for early diagnosis of cancer, 
staging, prognostication and choice of treatment. Southern blotting 
is not sufficiently sensitive, and FISH is lengthy and complex. 
Real-time quantitative PCR overcomes both these limitations, and 
is a sensitive and accurate method of analyzing large numbers of 
samples in a short time. It should find a place in routine clinical 
gene dosage. 
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human 5-hydroxytryptamineiB receptor. X Biol Chenu 261 y 5735-5738 (1992). 

21. Marsters, A., Frutkin, A., Simpson, N., Fendly, B. and Ashkenazi, A. 
Identification of cysteine-rich domains of the type 1 tumor necrosis receptor 
involved iii ligand binding. J. Biol Chenu 267 r , 5747-5750 (1992). 

22. Chamow, S., Kogan, T., Peers, D., Hastings, R., Byrn, R., and Ashkenazl A. 
Conjugation of sCD4 without loss of biological activity via a novel carbohydrate- 
directed cross-linking reagent. J.Biol Chenu 267, 15916-15922 (1992). 

23. Oksenberg, D., Marsters, A., ODowd, B., Jin, H., Havlik, S., Peroutka, S., and 
Ashkenazi, A. A single amino-acid difference confers major pharmacologic 
variation between human and rodent 5-HTib receptors. Nature 360, 161-163 

(1992) . 

24. Haak-Frendscho, M., Marsters, S., Chamow, S., Peers, D., Simpson, N., and 
Ashkenazi, A. Inhibition of interferon y by an interferon y receptor 
immuhoiadhesin. Immunology 79, 594-599 (1993). 

25. Penica, D., Lam, V;, Weber, R., Kohr, W., Basa, L., Spellman, M.. Ashkenazi, 
Shire, S., and Gbeddel, D. Biochemical characterization of the extracellular 
domain of the 75-kd tumor necrosis factor receptor. Biochemistry 32, 3131-3138. 

(1993) . 

26. Barfed, L., Zheng, Y., Kuang, W., Hart, M., Evans, T., Cerione, R., and 
Ashkenazi, A. Cloning and expression of a human CDC42 GTPase Activating 
Protein reveals a functional SH3-binding domain. J. Biol Chenu 268, 26059- 
26062(1993), 

27. Chamow, S, Zhang, £>., Tan, X., Mhtre, S., Marsters, S., Peers, D., Byrn, R., 
Ashkehazi, A., and Yunghans, R. A humanized bispecific immunoadhesin- 
antibody that retargets CD3+ effectors to kill HIV- 1 -infected cells. Immunol 
153,4268-4280(1994), 

28. Means, Ri, Krantz, S., Luna, J., Marsters, S., and Ashkenazi. A. Inhibition of 
murine erythroid colony formation in vitro by iterferbn y and correction by 
interferon y receptor immunoadhesin. Bloo d 83,911-915(1994). 

29. Haak-Frendscho, M., Marsters, S., Mordenti, J., Gillet, N., Chen, S., 
an dAshkenazL A. Inhibition of TNF by a TNF receptor immunoadhesin: 
comparison with an anti-TNF mAb. J. Immunol 152, 1347-1353 (1994). 
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30. Chamow, S., Kogan, T., Venuti, M, Gadek, T., Peers, D., Mordenti, J., Shak, S., 
and Ashkenazi, A. Modification of CD4 immunoadhesin with monomethoxy- 
PEG aldehyde via reductive alkilation. Bioconj. Chenu 5, 133-140 (1994). 

31. Jin, H., Yang, R., Marsters, S., Bunting, S., Wurm, F., Chamow, S., and 
Ashkenazi. A. Protection against rat endotoxic shock by p55 tumor necrosis factor 
(TNF) receptor immunoadhesin: comparison to anti-TNF monoclonal antibody. J. 
Infect Diseases 170, 1323-1326 (1994). 

32. Beck. J.: Marsters. S.. Harris. R. Ashkenazi, A., and Chamow, S. Generation of 
soluble iriterieukin-1 receptor from an immunoadhesin by specific cleavage. Mol 

. Im^ 

33. Pitti, B., Marsters, M., Haak-Frendscho, M., Osaka, G., Mordenti, J., Chamow, S., 
and Ashkenazi, A. Molecular and biological properties of an interleukin- 1 
receptor immunoadhesin. Afo/. //w/nw/io/. 31, 1345-1351 (1994). 

34. Okseribkg, E) , Havlik, S., Peroutka, S., and Ashkenazi, A. The third intracellular 
lobp of the 5-HT2 receptor specifies effector coupling. J. Neurochenu 64, 1440- 
1447(1995). 

35. Bach, E. * Szabo, S., Dighe, A., Ashkenazl A., Aguet, M., Murphy, K., arid 
Schreiber, R. Ligarid-induced autoregulation of IFN-y receptor p chain expression 
in T helper cell subsets. Science 270, 1215-1218 (1995). 

36. Jin, H., Yang, R., Marsters, S., Ashkenazi A., Bunting, S., Marra, M., Scott, R, 
and Baker, J. Protection against endotoxic shock by bactericidal/pefmeabihty- 
increasing protein in rats. J. Clin. Invest 95, 1947-1952 (1995). 

37. Marsters, S., Penica, D., Bach, E., Schreiber, R., and Ashkenazi, A. Interferon y 
^ signals via a high-affinity multisubunit receptor complex that contains two types 

of ^polypeptide chain: Proa Natl. Acad. Sci. USA. 92, 5401-5405 (1995). 

38. Van Zee, k, Moldawer, L., Oldenburg, H., Thompson, W., Stackpole, S., • 
Montegut, W., Rogy, M., Meschter, C, Gallati, H., Schiller, C, Richter, W., 

: Loetcher, ti., Ashkenazi, A ., Chamow, S., Wurm, F., Calvano, S., Lowry, S., ahd 
Lesslauer, W. Protection against lethal E. coli bacteremia in baboons by 
pretreatni^ht with a 55-kDa TNF reeejptor-Ig fusion protein, Ro45-2081./. 
Immunol. 156, 2221-2230 (1996). 

39. Pitti, R, Marsters, S., Ruppert, S., Donahue, C, Moore, A., and Ashkenazi, A . 
Induction of ajpbptosis by Apo-2 Ligand, a new member of the tumor necrosis 
factor cytokine family. J. Biol. Chem. 271, 12687-12690 (1996). 
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40. Marsters, S., Pitti, R., Donahue, C, Rupert, S., Bauer, K., and Ashkenazi, A . 
Activation of apoptosis by Apo-2 ligand is independent of FADD but blocked by 
CrmA. Curr. Biol 6, 1669-1676 (1996). 

41. Marsters, S., Skubatch, M., Gray, C, and Ashkenazi, A . Herpesvirus entry 
mediator, a novel member of the tumor necrosis factor receptor family, activates 
the NF-kB and AP-1 transcription factors. J. Biol. Chem. 272, 14029-14032 
(1997). 

42. Sheridan, J., Marsters, S., Pitti, R., Gurney, A., Skubatch, M., Baldwin, D., 
Ramakrishhan, L., Gray, C, Baker, K., Wood, W.L, Goddard, A., Godowski, P., and 
Ashkenazi, A. Control of TRAIL-induced apoptosis by a family of signaling and 
decoy receptors. Sciehce lll, 818-821 (1997). 

43. Marsters, S., Sheridan, J., Pitti, R., Gurriey, A., Skubatch, M., Balswin, D., Huang, A., 
Yuan, J., Goddard, A.. Godowski. P.. and Ashkenazi, A. A novel receptor for 
Aplo2L/TRAlL contains a truncated death domain. Curr. Biol 7, 1003-1006 (1997). 

44. Marsters^ A., Sheridan, J., Pitti, R., Brush, J., Goddard, A., and Ashkenazi, A. 
Identification of a ligand for the death-domain-containing receptor Apo3 . Curr. Biol 
8, 525-528 (1998). 

45. Rieger, J., Naumanii, U., Glaser, T., Ashkenazi, A ., and Weller, M. Apo2 ligand: 
a novel weapon against malignant glioma? FEBSLetU 427, 124-128 (1998). 

46. Pender, S., Fell, J., Chamow, S., Ashkenazi, A ., and MacDohald, T. A p55 TNF 
receptor immunoadhesin prevents T cell mediated intestinal injury by inhibiting 
matrix metalloproteinase production. J. Immunol 160, 4098-4103 (1998). 

47. Pitti, R.> Marsters, S., Lawrence, D., Roy, Kischkel, F., M., Dowd, P., Huang, A., 
Donahue, C, Sherwood, S., Baldwin, D., Godowski, P., Wood, W., Gumey, A., 
Hillan. K. r Cohen. R.. Goddard. A„ Botstein. P.. and Ashkenazi, A. Genomic 
amplification of a decoy receptor for Fas ligand in lung and colon cancer. Nature 
396,699-703(1998). 

48. Mori, S., Marakami-Mori, K., Nakamura, S., Ashkenazi, A ., and Bonavida, B. 
Sensitization of AIDS Kaposi's sarcoma cells to Apo-2 ligand-induced apoptosis 
by actinomycih D. J Immunol 162, 5616-5623 (1999). 

40. Gurney, A. Marsters, S., Huang, A., Pitti, R., Mark, M., Baldwin, D., Gray, A., 
Dowd, P., Brush, J., Heldens, S., Schow, P., Goddard, A., Wood, W., Baker, K., 
Godowski, P., and Ashkenazi, A. Identification of a new member of the tumor 
necrosis factor family and its receptor, at human ortholog of mouse GUR. Curr. 
Biol 9, 215-218 (1999). 
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50. Ashkenazi, A .. Pai, R., Fong, s., Leung, S., Lawrence, D., Marsters, S., Blackie, 
C, Chang, L., McMurtrey, A., Hebert, A., DeForge, L., Khoumenis, L, Lewis, D., 
Harris, L., Bussiere, J., Koeppen, H., Shahrokh, Z., and Schwall, R. Safety and 
anti-tumor activity of recombinant soluble Apo2 ligand. J. Clin. Invest 104, 155- 
162(1999). 

51. Chuntharapai, A., Gibbs, V., Lu, J., Ow, A., Marsters, S., Ashkenazi, A., De Vos, 
A., Kim, KJ. Determination of residues involved in ligand binding and signal 
transmission in the human IFN-a receptor 2. J. Immunol 163, 766-773 (1999). 

52. Johnsen, A.-C, Haux, J., Steinkjer, B., Nonstad, U., Egeberg, K., Sundan, A., 
Ashkenazi, A.; and Espevik. T. Regulation of Apo2L/TRAIL expression in NK 
cells - involvement in NK cell-mediated cytotoxicity. Cytokine 11, 664-672 
(1999). 

53. Roth, W., Iserimann, S., Naumann, U., Kugler, S., Bahr, M., Dichgans, 
Ashkenazi. A., arid Weller, M. Eradication of intracranial human malignant 
glioma xenografts by Apo2L/TRAIL. Biochem. Biophys. Res. Commun. 265, 479- 
483(1999). 

54. Hymowitz, S.G., Christinger, H.W., Fuh, G., Ultsch, M., O'Connell, M., Kelley, 
R.F., Ashkenazi, A. and de Vos, A.M. Triggering Cell Death: The Crystal 
Structure of Apo2L/TRAIL in a Complex with Death Receptor 5. Molec. Cell 4, 
563^571 (1999). 

55. Hymowitz, S.G., O'Connel, M.P., Utsch, M.H., Hurst, A., Totpal, K., Ashkenazi. 
A^ de Vos, A.M., Keliey, R.F. A unique zinc-binding site revealed by a high- 
resolution X-ray structure of homotrimeric Apo2L/TRAIL. Biochemistry 39, 633- 
640(2000). 

56. Zhou, Q., Fukushima, P., DeGraff, W., Mitchell, J.B., Stetler-Stevehson, M., 
Ashkenazi. A., and Steeg, P.S. Radiation and the Apo2L/TRAIL apoptotic 
pathway preferentially inhibit the colonization of premalignant human breast 
cancer cells overexpressing cyclin Dl. Cancer Res. 60, 2611-2615 (2000). 

57. Kischkel, F.C., Lawrence, D. A., Chuntharapai, A., Schow, P., Kim, J., and 
Ashkenazi, A. Apo2I/TRAIL-dependent recruitment of endogenous FADDand 
Caspase-8 to death receptors 4 and 5 . Immunity 12,611 -620 (2000). 

58. Yan, M., Marsters, S.A., Grewal, I.S., Wang, H., * Ashkenazi, A., and *Dixit, 
V.M. Identification of a receptor for BlyS demonstrates a crucial role in humoral 
immunity. Nature Immunol. 1,37-41(2000). 
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59. Marsters, S.A., Yan, M., Pitti, R.M., Haas, P.E., Dixit, V.M., and Ashkenazi. A. 
Interaction of the TNF homologues BLyS and APRIL with the TNF receptor 
homologies BCMA and TACI. Curr. Biol. 10, 785-788 (2000). 

60. KischkeL F.C., and Ashkenazi. A . Combining enhanced metabolic labeling with 
immunoblotting to detect interactions of endogenous cellular proteins. 
Biotechniques 29, 506-512 (2000). 

61. Lawrence, P., Shahrokh, Z., Marsters, S., Achilles, K., Shih, D. Mounho, B., 
Hillan, Totpal, K. DeForge, L., Schow, P., Hooley, J., Sherwood, S., Pai, R., 
Leung, S., Khan, L., Gliniak, B., Bussiere, J., Smith, C, Strom, S., Kelley, S., 
Fox. J.. Thomas. P.. and Ashkenazi. A. Differential hepatocyte toxicity of 
recombmant Apo2L/TRAIL versions. Nature Med. 7,383-385 (2001). 

62. Churitharapai, A., Dodge, K., Grimmer, BC, Schroeder, K., Martsters, S.A., 
Koeppen, H., Ashkenazi. A ., and Kim, KJ. Isotype-dependent inhibition of 

. tumor growth in vivo by monoclonal antibodies to death receptor 4. J. Immunol. 
166,4891-4898(2001). 

63. Pollack, IF., Erff, M., and Ashkenazi. A . Direct stimulation of apoptotic 
signaling by soluble Apo2L/tumor necrosis factor-related apoptosis-inducing 
ligand leads to selective killing of glioma cells. Clin. Cancer Res. 7, 1362-1369 
(2001). 

64. Wang, H., Marsters, S.A., Baker, T., Chan, B., Lee, W.P., Fu, L., Tumas, D., Yan, 
M., Dixit, V.M., * Ashkenazi. A ., and *Grewal, IS. TACI-ligand interactions are 
required for t cell activation and collagen-induced arthritis in mice. Nature 
Immunol. 2, 632^637 (2001). 

65 . Kischkel, F.C., Lawrence, D. A., Tinel, A., Virmani, A., Schow, P., Gazdar, A., 
Bleriis, J„ Arnbtt, P.. arid Ashkenazi. A . Death receptor recruitment of 
endogenous caspase-10 and apoptosis initiation in the absence of caspase-8. J: 
Biol. Chem. 276, 46639-46646 (2001). 

66. LeBlanc, H., Lawrence, P. A., Varfolomeev, E., Totpal, K.^ Morlan, J., Schow, P., 
Fong, S., Schwall, R., Sinicropi, P., and Ashkenazi. A T umor cell resistance to 
death receptor induced apoptosis through mutational inactivation of the 
proapoptbtitc Bcl-2 homologBax. Nature Med. 8, 274-281 (2002). 

67. MiUer, K., Meng, G., Liu, J., Hurst, A., Hsei, V., Wong, W-L., Ekert, R., 
Lawrence, P., Sherwood, S., DeForge, L., Gaudreault., Keller, G., Sliwkowski, 
M., Ashkenazi. A ., and Presta, L. Design, Construction, and analyses of 
multivalent antibodies. J. Immunol. 170, 4854-4861 (2003). 
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68. Varfolomeev, E., Kischkel, F., Martin, F., Wanh, H., Lawrence, D., Olsson, C, 
Tom, L., Erickson, S., French, D., Schow, P., Grewal, I. and Ashkenazi. A. 
Immune system development in APRIL knockout mice. Submitted. 

Review articles: 

1 . Ashkenazi, A., Peralta, E., Winslow, J., Ramachandran, J., and Capon, D., J. 
Functional role of muscarinic acetylcholine receptor subtype diversity. Cold 
Spring Harbor Symposium on Quantitative Biology. Lffl, 263-272 (1988). 

2. Ashkenazi, A , Peralta. E.. Winslow. J.. Ramachandran, J., and Capon. D. 
Functional diversity of muscarinic receptor subtypes in cellular signal 
transduction and growth. Trends Pharmacol Set Dec Supplement, 12-21 (1989). 

3. Chamow, S., Duliege, A., Ammann, A, Kahn, J., Allen, D., Eichberg, J., Bym, 
R., Capon, D , Ward, R., and Ashkenazi. A . CD4 immunoadhesins in anti-HTV 
therapy: new developments. Int. J. Cancer Supplement 7, 69-72 (1992). 

4. Ashkenazi, A .. Capon, and D. Ward, R. Immunoadhesins. Int. Rev. Immunol 10, 
217-225(1993). , 

5. Ashkenazi, A ., and Peralta. E. Muscarinic Receptors. In Handbook of Receptors 
and Channels. (S. Peroutka, ed.), CRC Press, Boca Raton, Vol. I, p. 1-27, (1994). 

6. Krantz, S. B., Means, R. T., Jr., Lina, J., Marsters, S. A., and Ashkenazi. A . 
Inhibition of erythroid colony formation in vitro by gamma interferon. In 
Molecular Biology of Hematopoiesis (N. Abraham, R. Shadduck, A. Levine F. 
takaku, eds.) Intercept Ltd. Paris, Vol. 3, p. 135-147 (1994). 

7. Ashkenazi. A . Cytokine neutralization as a potential therapeutic approach for 
SIRS and shock. J. Biotechnology in Healthcare 1, 197-206 (1994). 

8. Ashkenazi. A ., arid Chamow, S. M. Immunoadhesins: an alternative to human 
monoclonal antibodies. Immunomethods: A companion to Methods in 
Enzimology% 104-115 (1995). 

9. Chamow. S.. and Ashkenazi. A . Immunoadhesins: Principles and Applications. 
Trends Biotech. 14, 52-60 (1996). 

10. Ashkenazi. A „ and Chamow, S. M. Immunoadhesins as research tools and 
therapeutic agents. Curr. Opin. Immunol 9, 195-200 (1997). 

1 1. Ashkenazi. A ., and Dixit, V. Death receptors: signaling and modulation. Science 
281, 1305-1308(1998). 

12. Ashkenazi. A ., and Dixit, V. Apoptosis control by death and decoy receptors. 
Curr. Opin. Cell Biol. 11, 255-260 (1999). 
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13. AshkenazL A . Chapters on Apo2L/TRAIL; DR4, DR5, DcRl, DcR2; and DcR3. 
Online Cytokine Handbook (www.apnet.com/cvtokinereference/) . 

14. AshkenazL A . Targeting death and decoy receptors of the tumor necrosis factor 
superfamily. Nature Rev. Cancer 2, 420-430 (2002). 

15. LeBlanc, H. and Ashkenazi, A . Apoptosis signaling by Apo2L/TRAEL Cell Death 
and Differentiation \Q, 66-75 (2003). 

16. Almasan, A. and Ashkenazi. A . Apo2L/TRAIL: apoptosis signaling, biology, and 
potential for cancer therapy. Cytokine and Growth Factor Reviews 14, 337-348 
(2003). 

Book: 

Antibody Fusion Proteins (Chamow, S., and Ashkenazi. A ., eds., John Wiley and 
Sons Inc.) (1999). 

Talks: . 

1 . Resistance of primary HIV isolates to CD4 is independent of CD4-gp 1 20 binding 
affinity. UCSD Symposium, HIV Disease: Pathogenesis and Therapy. 
Greenelefe, FL, March 1991. 

2. Use of immuno-hybrids to extend the half-life of receptors. IBC conference on 
Biopharmaceutical Halflife Extension. New Orleans, LA, June 1992. 

3. Results with TNF receptor hnmunoadhesins for the Treatment of Sepsis. IBC 
conference on Endotbxemia and Sepsis. Philadelphia, PA, June 1992. 

4. Iiiimuhdadhesins: an alternative to human antibodies. IBC conference on 
Antibody Engineering. San Diego, CA, December 1993. 

5. Tumor necrosis factor receptor: a potentialtherapeutic for human septic shock. 
American Society for Microbiology Meeting, Atlanta, GA, May 1993. 

6. Protective efficiacy of TNF receptor ^ immunoadhesin vs anti-TNF monoclonal 
antibody in a rat model for endotoxic shock. 5th International Congress on TNF. 
Asilomar, CA, May 1994. 

7. Interferon-y signals via a multisubunit receptor complex that contains two types of 
polypeptide chain. American Association of Immunologists Conference. San 
Franciso, CA, July 1995. 

8. Immunoadhesins: Principles and Applications. Gordon Research Conference on 
Drug DeUvery in Btiology and Medicine. Ventura, CA, February 1996. 
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9. Apo-2 Ligand, a new member of the TNF family that induces apoptosis in tumor 
cells. Cambridge Symposium on TNF and Related Cytokines in Treatment of 
Cancer. Hilton-Head, NC, March 1996. 

10. Induction of apoptosis by Apo2 Ligand. American Society for Biochemistry and 
M61ecular Biology, Symposium on Growth Factors and Cytokine Receptors. New 
Orleans, LA, June, 1996. 

11. Apo2 ligand, an extracellular trigger of apoptosis. 2nd Clontech Symposium, 
Palo Alto, CA, October 1996. 

12. Regulation of apoptosis by members of the TNF ligand and receptor families. 
Stanford University School of Medicine, Palo Alto, CA, December i996. 

13. Apo-3: anovel receptor that regulates cell death and inflammation. 4th 
Mernatiohal Congress on Immuhe Consequences of Trauma, Shock, and Sepsis. 
Munich, Germany, March 1997. 

14. New members of the TNF ligand and receptor families that regulate apoptosis, 
inflammation, and immunity. UCLA School of Medicine, LA, CA, March 1997. 

15. Immuhdadhesins: an alternative to monoclonal antibodies. 5th World Conference 
on Bispecific Antibodies. Volendam, Holland, June 19^7. 

16. Control of Apo2L signaling. Cold Spring Harbor Laboratory Symposium on 
Programmed Cell Death. Cold Spring Harbor, New York. September, 1997. 

17. Chairman and speaker, Apoptosis Signaling session. IBC's 4th Annual 
Conference oil Apoptosis. San Diego, C A., October 1997. 

18. Control of Apo2L signaling by death and decoy receptors. American Association 
for the Advancement of Science. Philadelphia, PA, February 1998. 

19. Apo2 ligand and its receptors. American Society of hnmunologists. San 
Francisco, C A, April 1998. 

20. Death receptors and ligands. 7th International TNF Congress. Cape Cod, MA, 
May 1998, V; 

21. Apo2L as a potetitial therapeutic for cancer. UCLA School of Medicine. LA, 
CA, June 1998. 

22. Apb2L as & potential therapeutic for cancer. Gordon Research Conference on 
Cancer CheMbtherapy. New London, NH, July 1998. 

23 . Control of apoptosis by Apo2L. Endocrine Society Conference, Stevenson, WA, 
August 1998. 

24. Control of a{>optosis by Apo2L. International Cytokine Society Conference, 
Jerusalem, Israel, October 1998. 
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25. Apoptosis control by death and decoy receptors. American Association for 
Cancer Research Conference, Whistler, BC, Canada, March 1999. 

26. Apoptosis control by death and decoy receptors. American Society for 
Biochemistry and Molecular Biology Conference, San Francisco, CA, May 1999. 

27. Apoptosis control by death and decoy receptors. Gordon Research Conference on 
Apoptosis, New London, NH, June 1999. 

28. Apoptosis control by death and decoy receptors. Arthritis Foundation Research 
Conference, Alexandria GA, Aug 1 999. 

29. Safety and anti-tumor activity of recombinant soluble Apo2L/TRAIL. Cold 
Spring Harbor Laboratory Symposium on Programmed Cell Death. . Cold Spring 
Harbor, NY, September 1999. 

30. The Apo2I/TRAIL system: therapeutic potential. American Association for 
, Cancer Research, Lake Tahoe, NV, Feb 2000. 

31. Apoptosis arid cancer therapy. Stanford University School of Medicine, Stanford, 
CA, Mar 2000. 

32. Apoptosis and cancer therapy. University of Pennsylvania School of Medicine, 
Philadelphia, PA, Apr 2000. 

33. Apbptosis signaling by Apo2L/TRAIL. International Congress on TNF. 
Trondheim, Norway, May 2000. 

34. The Apo2I/TRAlL system: therapeutic potential. Cap-CURE summit meeting. 
Santa Monica, CA, June 2000 

35. The Apo2L/TRAIL system: therapeutic potential. MD Anderson Cancer Center. 
Houston, TX, June 2000. 

36. Apoptosis signaling by Apo2L/TRAIL. The Protein Society, 14 th Symposium. 
San Diego, CA, August 2000. 

37. Anti-tumor activity of Apo2L/TRAIL. AAPS annual meeting. Indianapolis, IN 
Aug 2000. 

38. Apbptosis signaling and anti-cancer potential of Apo2L/TRAIL. Cancer Research 
Institute, UC San Francisco, CA, September 2000. 

39. Apoptosis signaling by Apo2L/TRAIL. Kenote address, TNF family 
Minisymposium, NIH. Bethesda, MD, September 2000. 

40. Death receptors: signaling and modulation. Keystone symposium on the 
Molecular basis of cancer. Taos, NM, Jan 2001. 

41. Preclinical studies of Apb2L/TRAIL in cancer. Symposium on Targeted therapies 
in the treatment of lung cancer. Aspen, CO, Jan 2001. 
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42. Apoptosis signaling by Apo2L/TRAIL. Wiezmann Institute of Science, Rehovot, 
Israel, March 2001. 

43. Apo2I7TRAIL: Apoptosis signaling and potential for cancer therapy. Weizmann 
Institute of Science, Rehovot, Israel, March 2001 . 

44. Targeting death receptors in cancer with Apo2L/TRAIL. Cell Death and Disease 
conference, North Falmouth, MA, Jun 2001. 

45. Targeting death receptors in cancer with Apo2L/TRAIL. Biotechnology 
Organization conference, San Diego, C A, Jun 200 1 . 

46. Apo2L/TRAIL signaling and apoptosis resistance mechanisms. Gordon Research 
Conference on Apoptosis, Oxford, UK, July 2001. 

47. Apo2L/TRAIL signaling and apoptosis resistance mechanisms. Cleveland Clinic 
Foundation, Cleveland, OH, Oct 2001. 

48. Apoptosis signaling by death receptors: overview. International Society for 
Interferon and Cytokine Research conference, Cleveland, OH, Oct 2001 . 

49 . Apoptosis signaling by death receptors. American Society of Nephrology 
Conference. Sah Francisco, CA, Oct 2001. 

50. Targeting death receptors in cancer. Apoptosis: commercial opportunities. San 
Diego, CA, Apr 2002. 

5 1 . Apo2L/TRAIL signaling and apoptosis resistance mechanisms. Kimmel Cancer 
Research Center, Johns Hopkins University, Baltimore MD. May 2002. 

52. Apoptosis control by Apo2L/TRAIL. (Keynote Address) University of Alabama 
Cancer Ceiiter Retreat, Birmingham, Ab. October 2002. 

53. Apoptosis signaling by Apo2L/TRAIL. (Session co-chair) TNF international 
conference. San Diego, CA. October 2002. 

54. Apoptosis signaling by Apo2L/TRAlL. Swiss Institute for Cancer Research 
(ISREC). Laxisarine, Swizerland. Jan 2003. 

55. Apoptosis induction with Apo2IVTRALL. Conference on New Targets and 
Innovative Strategies in Cancer Treatment. Monte Carlo. February 2003. 

56. Apoptosis signaling by Apo2I/TRAIL. Hermelin Brain tumor Center 
Symposium on Apoptosis. Detroit, ML April 2003. 

57. Targeting apoptosis through death receptors. Sixth Annual Conference on 
Targeted Therapies in the Treatment of Breast Cancer. Kona, Hawaii. July 2003. 

58. Targeting apoptosis through death receptors. Second International Conference on 
Targeted Cancer Therapy. Washington, DC. Aug 2003. 

Issued Patents: 



1 . Ashkenazi, A., Chamow, S. and Kogan, T. Caibohydrate-directed crosslinking 
reagents. US patent 5,329,028 (Jul 12, 1994). 

2. Ashkenazi, A., Chamow, S. and Kogan, T. Carbohydrate-directed crosslinking 
reagents. US patent 5,605,791 (Feb 25, 1997). 

3. Ashkenazi, A., Chamow, S. and Kogan, T. Carbohydrate-directed crosslinking 
reagents. US patent 5,889,155 (Jul 27, 1999). 

4. Ashkeiiazi, A., APO-2 Ligand. US patent 6,030,945 (Feb 29, 2000). 

5. Ashkenazi, A., Chuntharapai, A., Kim, J., APO-2 ligand antibodies. US patent 6, 
046, 048 (Apr 4, 2000). 

6. Ashkenazi, A., Chamow, S. and Kogan, T. Carbohydrate-directed crosslinking 
reagents. US patent 6,124,435 (Sep 26, 2000). 

7. Ashkenazi, A., Chuntharapai, A., Kim, J., Method for making monoclonal and cross- 
reactive antibodies. US patent 6,252,050 (Jun 26, 2001). 
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COMPOSITIONS AND METHODS FOR THE TREATMENT OF TUMOR 

Field of the Invention 

The present invention relates to compositions and methods for the diagnosis and treatment of tumor. 

10 

Background of the Invention 
Malignant tumors (cancers) are the second leading cause of death in the United States, after heart disease 
(Boring et aL CA Cancel J. Clin. . 43:7 H993]l 

Cancer is characterized by an increase in the number of abnormal, or neoplastic cellsderived from a normal 
15 tissue which proliferate to form a tumor mass, the invasion of adjacent tissues by these neoplastic tumor cells, and 
the generation of malignant cells which eventually spread via the blood or lymphatic system to regional lymph nodes 
and to distant sites (metastasis). In a cancerous state, a cell proliferates under conditions in which normal cells would 
not grow. Cancer manifests itself in a wide variety of forms, characterized by different degrees of invasiveness and 
aggressiveness. 

20 Alteration of gene expression is intimately related to the uncontrolled cell growth and de-differentiation 

which are a common feature of all cancers. The genomes of certain well studied tumors have been found to show 
decreased expression of recessive genes, usually referred to as tumor suppression genes, which would normally 
function to prevent malignant cell growth, and/or overexpression of certain dominant genes, such as oncogenes, that 
act to promote malignant growth. Each of these genetic changes appears to be responsible for importing some of 

25 the traits that, in aggregate, represent the full neoplastic phenotype (Hunter, Cell. 64: 1 129 [1991] and Bishop, Cell . 
64:235-248 [1991]). 

A well known mechanism of gene (e.g. oncogene) overexpression in cancer cells is gene amplification. 
This is a process where in the chromosome of the ancestral cell multiple copies of a particular gene are produced. 
The process involves unscheduled replication of the region of chromosome comprising the gene, followed by 
30 recombination of the replicated segments back into the chromosome (Alitalo et al. t Adv. Cancer Res. . 47:235-281 
[1986]). It is believed that the overexpression of the gene parallels gene amplification, i.e. is proportionate to the 
number of copies made. 

Proto-oncogenes that encode growth factors and growth factor receptors have been identified to play 
important roles in the pathogenesis of various human malignancies, including breast cancer. For example, it has been 
35 found that the human ErbB2 gene (erbB2, also known as her2, or c-erbB-2), which encodes a 185-kd transmembrane 
glycoprotein receptor (pl85 HER2 ; HER2) related to the epidermal growth factor receptor EGFR), is overexpressed 
in about 25% to 30% of human breast cancer (Slamon et al. Science . 235:177-182 [1987]; Slamon et aL, Science . 
244:707-712 [1989]). 
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It has been reported that gene amplification of a proto-oncogene is an event typically involved in the more 

^ i. 

malignant forms of cancer, and could act as a predictor of clinical outcome (Schwab et al. y Genes Chromosomes 
Cancer . 1:181-193 [1990]; Alitalo et al, supra). Thus, erb&2 overexpression is commonly regarded as a predictor 
of a poor prognosis, especially in patients with primary disease that involves axillary lymph nodes (Slamon et al. y 

5 [1987] and [1989], supra; Ravdin and Chamness, Gene . 159:19-27 [1995]; and Hynes and Stern, Biochim Biophvs 
Acta. 1198 :165-184 [1994]), and has been linked to sensitivity and/or resistance to hormone therapy and 
chemotherapeutic regimens, including CMF (cyclophosphamide, methotrexate, and fluoruracil) and anthracyclines 
(Baselga et'al, Oncology . 11 (3 Suppl l):43-48 [1997]). However, despite the association of erbB2 overexpression 
with poor prognosis, the odds of HER2-positive patients responding clinically to treatment with taxanes were greater 

10 than three times those of HER2-negative patients (Ibid), A recombinant humanized anti-ErbB2 (anti-HER2) 
monoclonal antibody (a humanized version of the murine anti-ErbB2 antibody 4D5, referred to as rhuMAb HER2 
or Herceptin™) has been clinically active in patients with ErbB2-overexpressing metastatic breast cancers that had 
received extensive prior anticancer therapy. (Baselga et aL, J. Clin. OncoL . 14:737-744 [1996]). 

In light of the above, there is obvious interest in identifying novel methods and compositions which are 

15 useful for diagnosing and treating tumors which are associated with gene amplification. 

Summary of the Invention 
The present invention concerns compositions and methods for the diagnosis and treatment of neoplastic cell 
growth and proliferation in mammals, including humans. The present invention is based on the identification of 

20 genes that are amplified in the genome of tumor cells. Such gene amplification is expected to be associated with the 
overexpression of the gene product arid contribute to tumorigenesis. Accordingly, the proteins encoded by the 
amplified genes are believed to be useful targets for the diagnosis and/or treatment (including prevention) of certain 
cancers, and may act as predictors of the prognosis of tumor treatment. 

In one embodiment, the present invention concerns an isolated antibody which binds to a polypeptide 

25 designated herein as PR0212, PRO290, PR0341, PR0535, PR0619, PR0717, PRO809, PRO830, PR0848, 
PR0943, PRO1005, PRO1009, PRO1025, PRO1030, PRO1097, PRO1107, PROI111, PROl 153, PROH82, 
PROH84, PROl 187, PR01281, PR023, PR039, PR0834, PR01317, PRO1710, PRO2094, PR02145 or 
PR02198 polypeptide. Often, the cell that expresses the PR0212, PRO290, PR0341, PR0535, PR0619, PR0717, 
PRO809, PRO830, PR0848, PR0943, PRO1005, PRO1009, PRO1025, PRO1030, PRO1097, PROl 107, PROl 111, 

30 PROl 153, PROl 182, PROl 184, PROl 187, PR01281, PR023, PR039, PR0834, PR01317, PRO1710, PRO2094, 
PR02145 or PR02198. In one aspect, the isolated antibody specifically binds to a PR0212, PRO290, PR0341, 
PR0535, PR0619, PR0717, PRO809, PRO830, PR0848, PR0943, PRO1005, PRO1009, PRO1025, PRO1030, 
PRO1097, PROl 107, PROl 111, PROl 153, PROl 182, PROl 184, PROl 187, PR01281, PR023, PR039, PR0834, 
PR01317, PRO1710, PRO2094, PR02145 or PR02198 polypeptide. In another aspect, the antibody induces the 

35 death of a cell which expresses a PR0212, PRO290, PR0341, PR0535, PR0619, PR0717, PRO809, PRO830, 
PR0848, PR0943, PRO1005, PRO1009, PRO1025, PRO1030, PRO1097, PROl 107, PROl 111, PROl 153, 
PROl 182, PROl 184, PROH87, PR01281, PR023, PR039, PR0834, PR01317, PRO1710, PRO2094, PR02145 
or PR02198 polypeptide. Often, the cell that expresses the PR0212, PRO290, PR0341, PR0535, PR0619, 
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PR0717, PRO809, PRO830, PR0848, PR0943, PRO1005, PRO1009, PRO1025, PRO1030, PRO1097, PROl 107, 
PROl 1 11, PROl 153, PROl 182, PROl 184, PROl 187, PR01281, PR023,PR039, PR0834, PR01317, PRO1710, 
PRO2094, PR02145 or PR02198 polypeptide is a tumor cell that overexpresses the polypeptide as compared to 
a normal cell of the same type. In yet another aspect, the antibody is a monoclonal antibody, which preferably has 
5 non-human complementarity determining region (CDR) residues and human framework region (FR) residues. The 
antibody may be labeled and may be immobilized on a solid support. In yet another aspect, the antibody is an 
antibody fragment, a single-chain antibody, or an anti-idiotypic antibody which binds, preferably specifically, to a 
PR0212, PRO290, PR0341, PR0535, PR0619, PR0717, PRO809, PRO830, PR0848, PR0943, PRO1005, 
PRO1009, PRO1025, PRO1030, PRO1097, PROl 107, PROl 111, PROl 153, PROl 182, PROl 184, PROl 187, 
10 PR01281, PR023, PR039, PR0834, PR01317, PRO1710, PRO2094, PR02145 or PR02198 polypeptide. 

In another embodiment, the invention concerns a composition of matter which comprises an antibody which 
binds, preferably specifically, to a PR0212, PRO290, PR0341, PR0535, PR0619, PR0717, PRO809, PRO830, 
PR0848, PR0943, PRO1005, PRO 1009, PRO 1025, PRO1030, PRO1097, PROl 107, PROl 1 11, PROl 153, 
PROl 182, PROl 184, PROl 187, PR01281, PR023, PR039, PR0834, PR01317, PRO1710, PRO2094, PRO?145 
15 or PR02198 polypeptide in admixture with a pharmaceutically acceptable carrier. In one aspect, the composition 
of matter comprises a therapeutically effective amount of the antibody. In another aspect, the composition comprises 
a further active ingredient, which may, for example, be a further antibody or a cytotoxic or chemotherapeutic agent. 
Preferably, the composition is sterile. 

In a further embodiment, the invention concerns an isolated nucleic acid molecule which encodes an anti- 
20 PR0212, anti-PRO290, anti-PR0341, anti-PR0535, anti-PR0619, anti-PR0717, anti-PRO809, anti-PRO830, anti- 
PR0848, anti-PR0943, anti-PRO1005, anti-PRO1009, anti-PRO1025, anti-PRO1030, anti-PRO1097, anti- 
PRO1107, anti-PROl 111, anti-PROl 153, anti-PROl 182, anti-PROl 184, anti-PROl 187, anti-PR01281, anti- 
PR023, anti-PR039, anti-PR0834, anti-PROl 3 17, anti-PRO1710, anti-PRO2094, anti-PR02145 or anti-PR02198 
antibody, and vectors and recombinant host cells comprising such nucleic acid molecules. 
25 In a still further embodiment, the invention concerns a method for producing an anti-PR02 12, anti-PRO290, 

anti-PR0341, anti-PR0535, anti-PR0619, anti-PR0717, anti-PRO809, anti-PRO830, anti-PR0848, anti-PR0943, 
anti-PRO1005, anti-PRO1009, anti-PRO1025, anti-PRO1030, anti-PRO1097, anti-PROl 107, anti-PROl 1 11, anti- 
PROl 153, anti-PROl 182, anti-PROl 184, anti-PROl 187, anti-PR01281, anti-PR023, anti-PR039, anti-PR0834, 
anti-PR01317, anti-PRO1710, anti-PRO2094, anti-PR02145 or anti-PR02198 antibody, wherein the method 
30 comprises culturing a host cell transformed with a nucleic acid molecule which encodes the antibody under 
conditions sufficient to allow expression of the antibody, and recovering the antibody from the cell culture. 

The invention further concerns antagonists of a PR02 1 2, PRO290, PR034 1 , PR0535, PR06 1 9 , PR07 17, 
PRO809, PRO830, PR0848, PR0943, PRO1005, PRO1009, PRO1025, PRO1030, PRO1097, PROl 107, PROl 111, 
PROl 153, PROl 182, PROl 184, PROl 187, PR01281, PR023, PR039, PR0834, PR01317, PRO1710, PRO2094, 
35 PR02145 or PR02198 polypeptide that inhibit one or more of the functions or activities of a PR0212, PRO290, 
PR0341, PR0535, PR0619, PR0717, PRO809, PRO830, PR0848, PR0943, PRO1005, PRO1009, PRO1025, 
PRO1030, PRO1097, PROl 107, PROl 1 1 1, PROl 153, PROl 182, PROl 184, PROl 187, PR01281, PR023, PR039, 
PR0834, PR01317, PRO1710, PRO2094, PR02145 or PR02198 polypeptide. Agonists of a PR0212, PRO290, 
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PR0341, PR0535, PR0619, PR0717, PRO809, PRO830, PR0848, PR0943, PRO1005, PRO1009, PRO1025, 
PRO1030, PRO1097, PROl 107, PROl 111, PROl 153, PROl 182, PROl 184, PROl 187, PR01281, PR023, PR039, 
PR0834, PR01317, PRO1710, PRO2094, PR02145 or PR02198 polypeptide are also contemplated herein. 

In a further embodiment, the invention concerns an isolated nucleic acid molecule that hybridizes to the 

5 complement of a nucleic acid molecule encoding a PR0212, PRO290, PR0341, PR0535, PR0619, PR0717, 
PRO809, PRO830, PR0848, PR0943, PRO1005, PRO1009, PRO1025, PRO1030, PRO1097, PROl 107, PROl 111, 
PROH53, PROH82, PROl 184, PROl 187, PR01281, PR023, PR039, PR0834, PR01317, PRO1710, PRO2094, 
PR02145 or PR02198 polypeptide. The isolated nucleic acid molecule is preferably DNA, and hybridization 
preferably occurs under stringent hybridization and wash conditions. Such nucleic acid molecules can act as 

10 antisense molecules of the amplified genes identified herein, which, in turn, can find use in the modulation of the 
respective amplified genes, or as antisense primers in amplification reactions. Furthermore, such sequences can be 
used as part of a ribozyme and/or a triple helix sequence which, in turn, may be used in regulation of the amplified 
genes. 

In another embodiment, the invention provides a method for determining the presence of a PR0212, 

15 PRO290, PR0341, PR0535, PR0619, PR0717, PRO809, PRO830, PR0848, PR0943, PRO1005, PRO1009, 
PRO1025, PRO1030, PRO1097, PRO1107, PROllll, PROH53, PROH82, PROH84, PROH87, PR01281, 
PR023, PR039, PR0834, PR01317, PRO1710, PRO2094, PR02145 or PR02198 polypeptide in a sample 
suspected of containing a PR0212, PRO290, PR0341, PR0535, PR0619, PR0717, PRO809, PRO830, PR0848, 
PR0943, PRO1005, PRO1009, PRO1025, PRO1030, PRO1097, PROl 107, PROllll, PROl 153, PROl 182, 

20 PROl 184, PROl 187, PR01281, PR023, PR039, PR0834, PR01317, PRO1710, PRO2094, PR02145 or 
PR02198 polypeptide, wherein the method comprises exposing the sample to an anti-PR0212, anti-PRO290, anti- 
PR0341, anti-PR0535, anti-PR0619, anti-PR0717, anti-PRO809, anti-PRO830, anti-PR0848, anti-PR0943, anti- 
PRO1005, anti-PRO1009, anti-PRO1025, anti-PRO1030, anti-PRO1097, anti-PROl 107, anti-PROl 1 1 1, anti- 
PROH53, anti-PROl 182, anti-PROl 184, anti-PROl 187, anti-PRO 1 28 1 , anti-PR023, anti-PR039, anti-PR0834, 

25 anti-PRO!317, anti-PRO1710, anti-PRO2094, anti-PR02145 or anti-PR02198 antibody and determining binding 
of the antibody to a PR0212, PRO290, PR0341, PR0535, PR0619, PR0717, PRO809, PRO830, PR0848, 
PR0943, PRO1005, PRO1009, PRO1025, PRO1030, PRO1097, PROl 107, PROllll, PROl 153, PROl 182, 
PROl 184, PROl 187, PR01281, PR023, PR039, PR0834, PR01317, PRO1710, PRO2094, PR02145 or 
PR02198 polypeptide in the sample. In another embodiment, the invention provides a method for determining the 

30 presence of a PR0212, PRO290, PR0341, PR0535, PR0619, PR0717, PRO809, PRO830, PR0848, PR0943, 
PRO1005, PRO1009, PRO1025, PRO1030, PRO1097, PROl 107, PROllll, PROl 153, PROl 182, PROl 184, 
PROl 187, PR01281, PR023, PR039, PR0834, PR01317, PRO1710, PRO2094, PR02145 or PR02198 
polypeptide in a cell, wherein the method comprises exposing the cell to an anti-PR0212, anti-PRO290, anti- 
PR0341, anti-PR0535, anti-PR0619, anti-PR0717, anti-PRO809, anti-PRO830, anti-PR0848, anti-PR0943, anti- 

35 PRO1005, anti-PRO1009, anti-PRO1025, anti-PRO1030, anti-PRO1097, anti-PROl 107, anti-PROl 1 1 1, anti- 
PROl 153, anti-PROl 182, anti-PROl 184, anti-PROl 187, anti-PR01281, anti-PR023, anti-PR039, anti-PR0834, 
anti-PR01317, anti-PRO1710, anti-PRO2094, anti-PR02145 or anti-PR02198 antibody and determining binding 
of the antibody to the cell. 
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In yet another embodiment, the present invention concerns a method of diagnosing tumor in a mamma], 

comprising detecting the level of expression of a gene encoding a PR0212, PRO290, PR0341, PR0535, PR0619, 

PR0717, PRO809, PRO830, PR0848, PR0943, PRO1005, PRO1009, PRO1025, PRO1030, PRO1097, PROl 107, 

PRO 1 1 1 1, PROl 153, PROl 182, PRO 11 84, PROl 187, PR01281, PR023, PR039, PR0834, PR01317, PRO1710; 

♦ 

5 PRO2094, PR02145 or PR02198 polypeptide (a) in a test sample of tissue cells obtained from the mammal, and 
(b) in a control sample of known normal tissue cells of the same cell type, wherein a higher expression level in the 
test sample as compared to the control sample, is indicative of the presence of tumor in the mammal from which the 
test tissue cells were obtained. 

In another embodiment, the present invention concerns a method of diagnosing tumor in a mammal, 

10 comprising (a) contacting an anti-PR0212, anti-PRO290, anti-PR0341, anti-PR0535, anti-PR0619, anti-PR0717, 
anti-PRO809, anti-PRO830, anti-PR0848, anti-PR0943, anti-PRO1005, anti-PRO1009, anti-PRO1025, anti- 
PRO1030, anti-PRO1097, anti-PROl 107, anti-PROl 1 1 1, anti-PROl 153, anti-PROl 182, anti-PROl 184, anti- 
PROH87, anti-PRO!281, anti-PR023, anti-PR039, anti-PR0834, anti-PR01317, anti-PRO1710, anti-PRO2094, 
anti-PR02145 or anti-PR02198 antibody with a test sample of tissue cells obtained from.the mammal, and (b) 

15 detecting the formation of a complex between the anti-PR0212, anti-PRO290, anti-PR0341, anti-PR0535, anti- 
PR0619, anti-PR0717, anti-PRO809, anti-PRO830, anti-PR0848, anti-PR0943, anti-PRO1005, anti-PRO1009, 
anu-PRO1025, anti-PRO1030, anti-PRO1097, anti-PROl 107, anti-PROl 111, anti-PROl 153, anti-PROl 182, anti- 
PROl 184, anti-PROl 187, anu-PR01281, anti-PR023, anti-PR039, anti-PR0834, anti-PR01317, anti-PRO1710, 
anti-PRO2094, anti-PR02145 or anti-PR02198 antibody and a PR0212, PRO290, PR0341, PR0535, PR0619, 

20 PR0717, PRO809, PRO830, PR0848, PR0943, PRO1005, PRO1009, PRO1025, PRO1030, PRO1097, PROl 107, 
PROl 111, PROl 153, PROl 182, PROl 184, PROl 187, PR01281, PR023, PR039, PR0834, PR01317, PRO1710, 
PRO2094, PR02145 or PR02 198 polypeptide in the test sample, wherein the formation of a complex is indicative 
of the presence of a tumor in said mammal. The detection may be qualitative or quantitative, and may be performed 
in comparison with monitoring the complex formation in a control sample of known normal tissue cells of the same 

25 cell type. A larger quantity of complexes formed in the test sample indicates the presence of tumor in the mammal 
from which the test tissue cells were obtained. The antibody preferably carries a detectable label. Complex 
formation can be monitored, for example, by light microscopy, flow cytometry, fluorimetry, or other techniques 
known in the art. 

The test sample is usually obtained from an individual suspected to have neoplastic cell growth or 

30 proliferation (e.g. cancerous cells). 

In another embodiment, the present invention concerns a cancer diagnostic kit comprising an anti-PR0212, 
anti-PRO290, anti-PR0341, anti-PR0535, anti-PR0619, anti-PR0717, anti-PRO809, anti-PRO830, anti-PR0848, 
-anti-PRO943, anti-PRO1005, anti-PRO1009, anti-PROl 025, anti-PROl 030, anti-PRO1097, anti-PROl 107, anti- 
PROl 111, anti-PROl 153, anti-PROl 182, anti-PROl 184, anti-PROl 187, anti-PR01281, anti-PR023, anti-PR039, 

35 anti-PR0834, anti-PR01317, anti-PRO1710, anti-PRO2094, anti-PR02145 or anti-PR02198 antibody and a carrier 
(e.g., a buffer) in suitable packaging. The kit preferably contains instructions for using the antibody to detect the 
presence of a PR0212, PRO290, PR0341, PR0535, PR0619, PR0717, PRO809, PRO830, PR0848, PR0943, 
PRO1005, PRO1009, PRO1025, PRO1030, PRO1097, PROl 107, PROl 111, PROH53, PROl 182, PROl 184, 



... 

PROl 187, PR01281, PR023, PR039, PR0834, PR01317, PRO1710, PRO2094, PR02145 or PR02198 
polypeptide in a sample suspected of containing the same. 

In yet another embodiment, the invention concerns a method for inhibiting the growth of tumor cells 
comprising exposing tumor cells which express a PR0212, PRO290, PR0341, PR0535, PR0619, PR0717, 
5 PRO809, PRO830, PR0848, PR0943, PRO1005, PRO1009, PRO1025, PRO1030, PRO1097, PROl 107, PROl 111, 
PROl 153, PROl 182, PROl 184, PROl 187, PR01281, PR023, PR039, PR0834, PR01317, PRO1710, PRO2094, 
PR02145 or PR02198 polypeptide to an effective amount of an agent which inhibits an activity and/or the 
expression of a PR0212, PRO290, PR0341, PR0535, PR0619, PR0717, PRO809, PRO830, PR0848, PR0943, 
PRO1005, PRO1009, PRO1025, PRO1030, PRO1097, PROl 107, PROl 111, PROl 153, PROl 182, PROl 184, 

10 PROl 187, PR01281, PR023, PR039, PR0834, PR01317, PRO1710, PRO2094, PR02145 or PR02198 
polypeptide, wherein growth of the tumor cells is thereby inhibited. The agent preferably is an anti-PR0212, anti- 
PRO290, anti-PR0341, anti-PR0535, anti-PR0619, anti-PR0717, anti-PRO809, anti-PRO830, anti-PR0848, anti- 
PR0943, anti-PRO1005, anti-PRO1009, anti-PRO1025, anti-PRO1030, anti-PRO1097, anti-PROl 107, anti- 
PROl 1 11, anti-PROl 153, anti-PROl 182, anti-PROl 184, anti-PROl 187, anti-PR01281, anti-PR023, anti-PR039, 

15 anti-PR0834, anti-PR01317, anti-PRO1710, anti-PRO2094, anti-PR02145 or anti-PR02198 antibody, a small 
organic and inorganic molecule, peptide, phosphopeptide, antisense or ribozyme molecule, or a triple helix molecule. 
In a specific aspect, the agent, e.g., the anti-PR0212, anti-PRO290, anti-PR0341, anti-PR0535, anti-PR0619, anti- 
PR0717, anti-PRO809, anti-PRO830, anti-PR0848, anti-PR0943, anti-PRO1005, anti-PRO1009, anti-PRO1025, 
anti-PRO1030, anti-PRO1097, anti-PROl 107, anti-PROl 1 1 1, anti-PROl 153, anti-PROl 182, anti-PROl 184, anti- 

20 PROH87, anti-PR01281, anti-PR023, anti-PR039, anti-PR0834, anti-PR01317, anti-PRO1710, anti-PRO2094, 
anti-PR02145 or anti-PR02198 antibody, induces cell death. In a further aspect, the tumor cells are further exposed 
to radiation treatment and/or a cytotoxic or chemotherapeutic agent. 

In a further embodiment, the invention concerns an article of manufacture, comprising: 
a container; 

25 a label on the container; and 

a composition comprising an active agent contained within the container; wherein the composition is 
effective for inhibiting the growth of tumor cells and the label on the container indicates that the composition can 
be used for treating conditions characterized by overexpression of a PR0212, PRO290, PR0341, PR0535, PR0619, 
PR0717, PRO809, PRO830, PR0848, PR0943, PRO1005, PRO1009, PRO1025, PRO1030, PRO1097, PROl 107, 

30 PROl 1 1 1, PROl 153, PROl 182, PROl 184, PROl 187, PR01281, PR023, PR039, PR0834, PR01317, PRO1710, 
PRO2094, PR02145 or PR02198 polypeptide as compared to a normal cell of the same tissue type. In particular 
aspects, the active agent in the composition is an agent which inhibits an activity and/or the expression of a PR0212, 
-PRO290, PR0341, PR0535, PR0619, PR0717, PRO809, PRO830, PR0848, PR0943, PRO1005, PRO1009, 
PRO1025, PRO1030, PRO1097, PRO1107, PROllll, PROH53, PROH82, PROH84, PROH87, PR01281, 

35 PR023, PR039, PR0834, PR01317, PRO1710, PRO2094, PR02145 or PR02198 polypeptide. In preferred 
aspects, the active agent is an anti-PR0212, anti-PRO290, anti-PR0341, anti-PR0535, anti-PR0619, anti-PR0717, 
anti-PRO809, anti-PRO830, anti-PR0848, anti-PR0943, anti-PRO1005, anti-PRO1009, anti-PRO1025, anti- 
PRO1030, anti-PRO1097, anti-PROl 107, anti-PRO 1 1 1 1 , anti-PROl 153, anti-PROH82, anti-PROl 184, anti- 
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PROl 187, anti-PR01281, anti-PR023, anti-PR039 t anti-PR0834, anti-PR01317, anti-PRO17l0, anti-PRO2094, 

if » 

anti-PR02145 or anti-PR02 198 antibody or an antisense oligonucleotide. 

The invention also provides a method for identifying a compound that inhibits an activity of a PR0212, 
PRO290, PR0341, PR0535, PR0619, PR0717, PRO809, PRO830, PR0848, PR0943, P^OlOOS, PRO1009, 
5 PRO1025, PRO1030, PRO1097, PRO1107, PROllll, PROH53, PROH82, PROl 184, PROl 187, PR01281, 
PR023, PR039, PR0834, PR01317, PRO1710, PRO2094, PR02145 or PR02198 polypeptide, comprising 
contacting a candidate compound with a PR0212, PRO290, PR0341, PR0535, PR0619/PR0717, PRO809, 
PRO830, PR0848, PR0943, PRO1005, PRO 1009, PRO1025, PRO1030, PRO1097, PROl 107, PROllll, 
PROl 153, PROl 182, PROl 184, PROl 187, PR01281, PR023, PR039, PR0834, PR01317, PRO1710, PRO2094, 

10 PR02145 or PR02198 polypeptide under conditions and for a time sufficient to allow these two components to 
interact and determining whether an activity of the PR0212, PRO290, PR0341, PR0535, PR0619, PR0717, 
PRO809, PRO830, PR0848, PR0943, PRO1005, PRO1009, PRO1025, PRO1030, PRO1097, PROl 107, PROl 111, 
PROl 153, PROl 182, PROl 184, PROl 187, PR01281, PR023, PR039, PR0834, PR01317, PRO1710, PRO2094, 
PR02145 or PR02198 polypeptide is inhibited. In a specific aspect, either the candidate compound or the PR0212, 

15 PRO290, PR0341, PR0535, PR0619, PR0717, PRO809, PRO830, PR0848, PR0943, PRO1005, PRO1009, 
PRO1025, PRO1030, PRO1097, PRO1107, PROllll, PROH53, PROH82, PR01184, PROH87, PR01281, 
PR023, PR039, PR0834, PR01317, PRO1710, PRO2094, PR02145 or PR02198 polypeptide is immobilized on 
a solid support. In another aspect, the non-immobilized component carries a detectable label. In a preferred aspect, 
this method comprises the steps of (a) contacting cells and a candidate compound to be screened in the presence of 

20 PR0212, PRO290, PR0341, PR0535, PR0619, PR0717, PRO809, PRO830, PR0848, PR0943, PRO1005, 
PRO1009, PRO1025, PRO1030, PRO1097, PRO1107, PROllll, PROH53, PROH82, PROH84, PROH87, 
PR01281, PR023, PR039, PR0834, PR01317, PRO1710, PRO2094, PR02145 or PR02198 polypeptide under 
conditions suitable for the induction of a cellular response normally induced by a PR0212, PRO290, PR0341, 
PR0535, PR0619, PR0717, PRO809, PRO830, PR0848, PR0943, PRO1005, PRO1009, PRO1025, PRO1030, 

25 PRO1097, PROl 107, PROl 1 11, PROl 153, PROl 182, PROl 184, PROl 187, PR01281, PR023, PR039, PR0834, 
PR01317, PRO1710, PRO2094, PR02145 or PR02198 polypeptide and (b) determining the induction of said 
cellular response to determine if the test compound is an effective antagonist. 

In another embodiment, the invention provides a method for identifying a compound that inhibits the 
expression of a PR0212, PRO290, PR0341, PR0535, PR0619, PR0717, PRO809, PRO830, PR0848, PR0943, 

30 PRO1005, PRO1009, PRO1025, PRO1030, PRO1097, PROl 107, PROllll, PROl 153, PROl 182, PROl 184, 
PROl 187, PR01281, PR023, PR039, PR0834, PR01317, PRO1710, PRO2094, PR02145 or PR02198 
polypeptide in cells that express the polypeptide, wherein the method comprises contacting the cells with a candidate 
compound and-determining whether the expression of the PR0212, PRO290, PR0341, PR0535, PR0619, PR0717, 
PRO809, PRO830, PR0848, PR0943, PRO1005, PRO1009, PRO1025, PRO1030, PRO1097, PROl 107, PROl 1 1 1, 

35 PROl 153, PROl 182, PROl 184, PROl 187, PR01281, PR023, PR039, PR0834, PR01317, PRO1710, PRO2094, 
PR02145 or PR02198 polypeptide is inhibited. In a preferred aspect, this method comprises the steps of (a) 
contacting cells and a candidate compound to be screened under conditions suitable for allowing expression of the 
PR0212, PRO290, PR0341, PR0535, PR0619, PR0717, PRO809, PRO830, PR0848, PR0943, PRO1005, 



PRO1009, PRO1025, PRO1030, PRO1097, PROl 107, PROllIl, PROl 153, PROl 182, PROl 184, PROl 187, 
PR01281, PR023, PR039, PR0834, PR01317, PRO1710, PRO2094, PR02145 or PR02198 polypeptide and (b) 
determining the inhibition of expression of said polypeptide. 

5 Brief Description of the Figures 

Figure 1 shows the nucleotide sequence (SEQ ID NO:i) of a cDNA containing a nucleotide sequence 
encoding native sequence PR0212, wherein the nucleotide sequence (SEQ ID NO:l) is a clone designated herein 
as DNA30942-1 134. Also presented in bold font and underlined are the positions of the respective start and stop 
codons. 

10 Figure 2 shows the amino acid sequence (SEQ ID NO:2) of a native sequence PR0212 polypeptide as 

derived from the coding sequence of SEQ ID NO: 1 . 

Figures 3 A through 3B show the nucleotide sequence (SEQ ID NO: 6) of a cDNA containing a nucleotide 
sequence encoding native sequence PRO290, wherein the nucleotide sequence (SEQ ID NO: 6) is a clone designated 
herein as DNA35680-1212. Also presented in bold font and underlined are the positions of the respective start and 

15 stop codons. 

Figure 4 shows the amino acid sequence (SEQ ID NO:7) of a native sequence PRO290 polypeptide as 
derived from the coding sequence of SEQ ID NO:6. 

Figure 5 shows the nucleotide sequence (SEQ ID NO:9) of a cDNA containing a nucleotide sequence 
encoding native sequence PR0341, wherein the nucleotide sequence (SEQ ID NO:9) is a clone designated herein 
20 as DNA26288-1239. Also presented in bold font and underlined are the positions of the respective start and stop 
codons. 

Figure 6 shows the amino acid sequence (SEQ ID NO: 10) of a native sequence PR0341 polypeptide as 
derived from the coding sequence of SEQ ID NO:9. 

Figure 7 shows the nucleotide sequence (SEQ ID NO: 13) of a cDNA containing a nucleotide sequence 
25 encoding native sequence PROS 35, wherein the nucleotide sequence (SEQ ID NO: 13) is a clone designated herein 
as DNA49143-1429. Also presented in bold font and underlined are the positions of the respective start and stop 
codons. 

Figure 8 shows the amino acid sequence (SEQ ID NO: 14) of a native sequence PR0535 polypeptide as 
derived from the coding sequence of SEQ ID NO: 13. 
30 Figure 9 shows the nucleotide sequence (SEQ ID NO: 15) of a cDNA containing a nucleotide sequence 

encoding native sequence PR0619, wherein the nucleotide sequence (SEQ ID NO: 15) is a clone designated herein 
as DNA4982 1-1562. Also presented in bold font and underlined are the positions of the respective start and stop 
codons. 

Figure 10 shows the amino acid sequence (SEQ ID NO: 16) of a native sequence PR0619 polypeptide as 
35 derived from the coding sequence of SEQ ID NO: 15. 

Figure 1 1 shows the nucleotide sequence (SEQ ID NO: 17) of a cDNA containing a nucleotide sequence 
encoding native sequence PR0717, wherein the nucleotide sequence (SEQ ID NO: 17) is a clone designated herein 
as DNA50988-1326. Also presented in bold font and underlined are the positions of the respective start and stop 
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Gene amplification assay: 

The PR0212, PRO290, PR0341, PR0535, PR0619, PR0717, PRO809, PRO830,.PRO848, PR0943, 

PRO1005, PRO1009, PRO1025, PRO1030, PRO1097, PRO1107, PROllll, PROH53, PROH82, PROH84, 

PROH87, PR01281, PR023, PR039, PR0834, PR01317, PRO1710, PRO2094, PR02145 or PR02198 

* 

5 compounds of the invention were screened in the following primary tumors and the resulting ACt values are reported 
in Tables 3A-3D. 
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